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EXECUTIVE SUMMARY

A series of soil washing tests have been conducted on soil sediments from the Warm

Waste Pond (WWP) within the Test Reactor Area at the Idaho National Engineering Laboratory.

Although the sediments are contaminated with cesium-137, cobalt-60, and chromium, the

CERCLA Record of Decision (ROD) requires only the removal of the cesium-137 down to an

average level of 690 pCi/g in at least 90% of the total volume.

Nuclear Remediation Technologies, a division of General Atomics, performed tests on

kilogram quantities of WWP samples in an attempt to identify alternative methods suitable for

remediating the sediments. This test complimented the bulk nitric acid leaching investigations

being conducted by others. The testing combined sieving, flotation, attrition scrubbing and other

techniques borrowed from the mining industry, along with various reagents, some proprietary,

to achieve the required contaminant reduction. The WWP ROD targeted 690 pCi/g Cesium-137

as a goal for the testing program; secondary waste stream generation was to be held to a

minimum. In addition, the use of RCRA hazardous chemicals and their residuals were to be

minimized to the greatest possible extent.

Tests performed on a 21.7 kg sample (Sample I) included: 1) sample characterization

(particle fraction weight percentages and contaminant concentrations, 2) sieving, 3) flotation

using various frothing and collector agents, 4) attrition scrubbing with ammonium hydroxide,

hydrogen peroxide and proprietary halide reagents, 5) stir washing with a variety of reagents,

and 6) pyrolyzing. Radionuclides were found to be strongly associated with the organic and/or

the finer fractions of the sediments. Tests were specifically designed for the removal of these

contaminants from specific size fractions. Each test was performed individually to ascertain a

workable combination of parameters. These processes were then combined into an integrated

treatment process train such as sieving-flotation-attrition scrubbing-leaching. Mass balances and

the cesium-137 and cobalt-60 contaminant concentrations were measured before, during and at

iv NRT 10.6
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the conclusion of each test. Additional special testing of processes that could lead to enhanced

and optimized contaminant reduction were examined in rudimentary form to ascertain their

usefulness in future design studies.

Test results indicated that by combining selected process steps (screening, flotation,

attrition scrubbing and leaching), more than 90% of the WWP sediment can be reduced to a Cs-

137 concentration of 690 pCi/g or less. Successfully treated sediments could be backfilled to the

pond in accordance with the separation/extraction treatment method stated by the ROD. The

remaining 10% or less, containing highly concentrated cesium-137 and cobalt-60, could be

disposed of as normal LLW or subjected to further treatment.

Additional sediment samples, totaling more than 80 kg. and taken from two of the three

WWP cells, were examined late in the testing program. These samples had an inordinate

quantity of organic material which interfered with the operation of the processes being bench-

tested. However, it was determined through evaluation of previously collected WWP

Characterization Data that these samples were not representative of the average contaminant

concentration and organic content of the WWP. These samples were examined to determine

capability to deal with these anomalies on a process specific program and to determine their

effect on process stability and throughput. It appears that these irregularities could be managed

in a production scale plant through thermal pre-treatment, selective excavation and/or feedstock

blending.

Integrated testing suggested that the evaluated processes, when optimized, could provide

a total volume reduction of greater than 90%. Application of additional treatments such as

vitrification of the residual sediments has the potential to reduce temporary storage requirements

to 3-5% of the original volume.

These test results do not permit definition of a comprehensive treatment process for the

WWP sediments. Additional testing required to support future work on the Warm Waste Pond

sediment remediation should include: (1) process definition, e.g. steps, reagents, sequence, (2)

optimizing process conditions, e.g. temperature, pH, (3) definition and testing of pre-treatment

v NRT 10.6
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steps for organic material removal, and (4) process plant design for a full pilot-scale remediation

facility.

vi NRT 10.6
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1.0 INTRODUCTION

The Test Reactor Area (TRA) at the Idaho National Engineering Laboratory (INEL)

includes a three cell Warm Waste Pond (WWP). Large quantities (in excess of five billion

gallons) of slightly radioactive waste water were discharged into the ponds over the past 40

years. The water has either evaporated or infiltrated into the ground, but much of the

contaminants carried by the waste water were absorbed by pond sediments. Reference 1

includes an initial characterization of the WWP. As a result of this characterization, a decision

was made to remediate the pond sediments (Ref. 2). The study reported herein was initiated

to examine specific radioactive sediment contaminants, namely cesium-137 and cobalt-60.

Testing for chromium was not emphasized in this study because of statements in the

characterization report (Ref. 1) that all chromium in the WWP sediments was in the non-

hazardous trivalent form. However, samples were collected and reserved from key process

points for possible future chromium analysis.

Preliminary laboratory tests demonstrated the feasibility of remediating the sediments by

first screening out the large sediment particles, followed by chemical treatment of the remaining

particles. Contaminant levels of the untreated large particles contained Cs-137 and Co-60

concentrations low enough that no further treatment is necessary.

Nuclear ' Remediation Technologies (NRT), a division of General Atomics, was

subcontracted by the Department of Energy through Advanced Sciences, Inc. (ASI) to conduct

this test program. The intent of this study was to confirm previous treatment results with

measurements of secondary waste generation percentages, extend and expand the knowledge of

potential treatment methods and identify combined physical/chemical treatment technologies

which would result in the greatest quantity of "cleaned" sediment with the smallest amount of

secondary waste generated. The task also included testing bulk quantities (kilogram size) of

1-1 NRT 10.6
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WWP samples in bench apparatus which has historically been shown to be readily up-scalable

to production scale processes and has duplicated the action of full-scale production equipment..

Most testing described in Section 3.0 of this report was completed using an initial 21.7

kg WWP sediment sample, believed to have been taken from the center of Cell 52. Near

completion of the test effort, additional sediment samples froin several WWP locations were

provided. Sampling locations are shown in Figure 1-1. The sample selected for additional

testing (Location 3), although not the most radioactive of those received, had a Cs-137

concentration more than ten times the WWP average concentration quoted in the Characterization

Study (Ref. 1).

The NRT test effort emphasized the reduction of the Cs-137 and Co-60 concentrations

in the bulk of sediments to acceptable levels while employing methodologies which would

generate the smallest amount of secondary waste and utilize reagents which were less hazardous

than those used by others in previous tests. The goal for an acceptable residual average Cs-137

concentration in the bulk of the treated sediments was established at 690 pCi/g (Ref 2). The

remediation testing focused on soil washing techniques to separate the more highly contaminated

sediment fines and organics, while minimizing the sediment fractions requiring chemical

treatment (e.g. leaching). Confirmatory testing of the ability of low pH, heated acid leaches to

remove contaminants from soil samples and to measure the secondary waste generated by a

previously tested screen-leach process (Ref. 3) was undertaken. Integrated tests on candidate

soil washing process treatment trains were conducted in accordance with a Test Plan prepared

by NRT (Ref 4).

This report contains the results of the various tests performed by NRT. It summarizes

the sample characteristics and test procedures, and draws conclusions from the results. A much

more detailed description of the test results, for both the first and second samples, is contained

in Section 3.0 of this report. The report concludes with identification of options for future work

to continue the optimization work proceeding directly to full pilot- level plant design and

construction. Supporting calculations, analytical results, laboratory notebook entries, and the

Material Safety Data Sheets (MSDS) for the less common treatment chemicals are published in

a separate report (Ref 5).

1-2 NRT 10.6
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2.0 SUMMARY AND CONCLUSIONS

2.1 SUMMARY

2.1.1 Approach

A great deal of work has been performed in an effort to demonstrate the effectiveness

of low pH heated acids in dissolving Cs-137 and Co-60 from WWP sediments. These strong

acids were shown to generate large quantities of secondary waste when neutralized.

While NRT reevaluated the problems associated with heated, low pH acid leaching of

radionuclides from WWP sediments, the test approach for this study focused on combining

currently available physical/chemical systems to minimize the amount of sediments requiring

strong acid leaching and the use of acids treatable at the Idaho Chemical Processing Plant. The

systems and reagents used were chosen on the basis of their compatibility when combined into

a single optimized system custom configured for maximum Cs-137 and Co-60 removal from

WWP sediments.

Key physical system components chosen included froth flotation and attrition scrubbing.

Multiple "mild" reagents at various pH and solution strength combinations were examined. An

example was the use of hydrogen peroxide, a strong oxidizer, which breaks down into water at

a neutral pH eliminating downstrearn neutralization and attendant sludge generation.

2.1.2 Results

Two separate samples of Warm Waste Pond sediments were examined in the remediation

R&D effort conducted by NRT. Most of the effort was expended on the first sample. The

original intent was to conduct confirmatory tests using a second sample, (one of four sets of

2-1 NRT 10.6
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samples) that was received after work on the first sample was completed. The two samples,

however, differed significantly in radionuclide content and in radionuclide distribution among

the various particle sizes. Average activity on a total sample basis for Sample 1 was 2,470 pCi

Cs-137/g and 710 pCi Co-60/g versus 52,000 pCi Cs-137/g and 24,600 pCi Co-60/g for Sample

2. Tables 2-1 and 2-2 contain characterization results for Samples 1 and 2 respectively. Figure

2-1 graphically illustrates Cs-137 and Co-60 concentration and distribution differences between

the two samples. Particle size distribution differences are shown in Figure 2-2. The greater

organic material content of the Sample 2 (8.5% versus 0.75%) likely contributes to the higher

concentration of Cs-137 (20 times higher) and Co-60 (35 times higher). The Sarnple 2 average

Cs-137 and Co-60 concentrations are a factor of two higher than the upper bounds of the ranges

for contaminant concentrations identified in Reference 1. By visual inspection, the other three

batches of samples from the group of four samples gathered during the last sampling effort have

significantly larger quantities of organic material than the batch selected for processing. All four

batches of samples appear to be surface samples. Sample 2 was identified as Cell 52 center

(Location 3 on Fig. 1-1). The origin of Sample 1 is not documented, but it is believed to a full

depth range (0-24 inch) sample from the center of Cell 52.

Figure 2-3 illustrates a comparison of Samples 1 and 2 particle size distributions with

average and bounding values obtained from the WWP characterization study (Ref. 1.). Sample

2 showed a marked departure (greater fines fractions) from the characterization study values.

Measurement methodology differences (wet versus dry screening) could account for the

disparity.

Based on a goal of achieving a residual Cs-137 concentration of less than 690 pCi/g (Ref.

2), the Sample 1 large mesh fractions (greater than 4 mesh) needed no further treatment. The

corresponding Sample 2 fractions were about the same weight fraction but required treatment.

Treatments attempted on Sample 2 large (+4 mesh) fractions included soaking in hot nitric acid,

hot ammonium hydroxide, and MICRO® (a detergent compounded for laboratory equipment

decontamination). Under the conditions tested, none of the Sample 2 treated material had

residual concentrations below the goal value. Portions of the treated rocks retained coatings of

dried scum assumed to contain the residual radionuclides. In a special test to examine the effect

of pyrolyzing the organics, the coatings on previously untreated +4 mesh sediments were

2-2 NRT 10.6
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Table 2-1

First Sample Characterization Results

Retained
Fraction

We ght, g Analysis, pCi/g
Cumulative Average
Concentra ion, pCi/g Cumulative Percentages

Fraction Cumulative Cs-137 Co-60 Cs-137 Co-60 Weight Cs-137 Co-60

I inch 5132.0 5132.0 155 35 155 35 23.69 1.49 1.17

1/2 inch 2945.0 8077.0 504 112 282 63 37.29 4.25 3.32

3/a inch 1122.0 9199.0 712 146 334 73 42.47 5.73 4.38

4 mesh 2268.5 11467.5 897 191 445 97 52.95 9.53 7.20

12 mesh 1841.2 13308.7 1150 218 543 113 61.45 13.49 9.81

25 mesh 1697.2 15005.9 3020 887 823 201 69.28 23.07 19.64

40 mesh 3005.1 18011.0 4070 1290 1365 383 83.16 45.91 44.88

60 mesh 2057.9 20068.9 3710 1030 1604 449 92.66 60.15 58.67

100 mesh 807.3 20876.2 5480 1800 1753 502 96.39 68.37 68.11

140 mesh 215.8 21092.0 10200 4140 1840 539 97.38 72.38 73.90

200 mesh 94.8 21186.8 15300 5680 1902 562 97.82 75.28 77.41

325 mesh 118.7 21305.5 20000 6070 2002 593 98.37 79.67 82.22

-325 mesh 353.3 21658.8 30800 7740 2470 710 100.00 100.00 100.00
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Table 2-2
Second Sample Characterization Results

Retained

Fraction

Weight, g Analysis, pCi/g

Cumulative Average

Concentrafion, pCi/g Cumulative Percentages Percent""

Weight Loss

on IgnitionFraction Cumulative Cs-137 Co-60 Cs-137 Co-60 Weight Cs-137 Co-60

1 inch 651.0 651.0 979 47.2 979 47.2 24.00 0.45 0.05

1/2 inch 483.3 1134.3 1,625 73.0 1,255 58.2 41.83 1.01 0.10

Wa inch 159.0 1293.3 2,170 108 1,370 64.3 47.69 1.25 0.12

4 mesh 213.9 1507.2 3,160 153 1,620 76.9 55.58 1.73 0.17

12 mesh 124.2 1631.4 8,030 9,070 2,110 761 60.15 2.44 1.86 2.40

25 mesh 100.4 1731.8 117,000 67,200 8,770 4,610 63.86 10.76 11.97 22.97

40 mesh 85.9 1817.7 166,000 89,200 16,200 8,610 67.02 20.86 23.45 18.28

60 mesh 115.3 1933.0 155,000 94,800 24,500 13,750 71.28 33.52 39.83 19.21

100 mesh 101.8 2034.8 139,000 82,300 30,200 17,200 75.03 43.55 52.39 24.24

140 mesh 45.7 2080.5 136,000 89,300 32,500 18,800 76.71 47.96 58.50 21.28

200 mesh 85.5 9 166.0 115,000 70,200 35,800 20,800 79.87 54.92 67.49 21.62

325 mesh 113.8 7779.8 86,300 36,400 38,300 21,600 84.06 61.88 73.70 12.87

-325 mesh 432.2 2712.0 124,500 40,600 52,000 24,600 100.00 100.00 100.00 17.09

At 400°C ovemight

CI The weighted imition losses are 17% for the -4 mesh portion and > 7.57% for the entire sainple

The corresponding ignition losses for the first sample are 1.59% and 0.75%
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destroyed by heating to 400°C leaving a dark residue. No further work was done with this heat

treated material.

With Sample 1, a signiticant amount of radionuclide contamination in the smaller grain

fractions (-4 mesh) was removed by physically separating the relatively highly radioactive fine

fractions (-140 mesh) from the intermediate size fractions. These fine fractions account for less

than 3% of the weight, but contain about 25% of the activity. Both flotation and sieving were

successfully used to isolate the fines. With Sample 2, the radionuclides are distributed rather

uniformly among the various -4 mesh fractions. Neither sieving nor flotation was effective in

isolating or concentrating the radionuclides in a low weight percent fraction. With both

methods, an excessive amount of the material processed (more than half) reported to the fines

fraction.

Since it appears that the contamination remaining on the sediments after tines removal

by sieving or flotation is coated on the sedirnent particle surface, abrading the surfaces followed

by a second fines removal operation would be a successful rnethod of physically removing the

contamination. Attrition scrubbing (vigorous agitation of a concentrated slurry) is a common

means of surface abrasion. With Sample I , attrition scrubbing with an alkaline solution (sodium

hydroxide or ammonium hydroxide) resulted in a somewhat better decontamination than

hydrogen peroxide. An additional 50% reduction in contamination concentration was achieved.

However, use of hydrogen peroxide is advantageous because it breaks down into water at a

neutral pH, simplifying waste solution treatment. Attrition scrubbing with water was of little

value. With successive attrition scrubs, the second yielded little additional contaminant

reduction. With Sample 2, attrition scrubbing resulted in excessive fines production (4-8 times

that of Sample 1). This was probably due to the soft organic material present being size reduced

by the abrasive action of the attrition scrubber. Attrition scrubbing in a proprietary application

of a halide solution yielded approximately the same contaminant reduction as ammonium

hydroxide. The halide compound used in this process has the advantage in production-scale use

because it can be regenerated and recycled on-site.

Another decontamination method used is the gentle mixing (stir washing) of the -4 mesh

portion with a leaching and/or debonding solution followed by sieving and/or filtration to remove
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debonded fines. In the tests reported here, stir washing followed attrition scrubbing. More than

a dozen different stir wash conditions (reagents, time, and temperature) were tested. Five molar

nitric acid at 70°C was found to be the most effective condition for decontaminating the

sediments. Dilute nitric-acid, acetic acid with hydrogen peroxide, hydroxylarnine with acetic

acid, ethyl alcohol, and thiourea were aH found to be ineffective. Neither isotopic dilution nor

the addition of activated charcoal improved decontamination of the sediments by stir washing.

The goal residual Cs-137 concentration of 690 pCi/g was attained with Sample I sediments using

the 5 M nitric acid stir wash, but not with any of the other reagents tested. Fig. 2-4 summarizes

the two successful integrated treatment tests with Sample 1 sediments. With Sample 2, none of

the stir wash treatments, including 5 M nitric acid, attained the goal residual Cs-137

concentration. Flowever, contaminant reductions in excess of 90% were attained. In a brief

special test with a Sample 2 split, most of the organic material was destroyed by oxidation in

a furnace prior to stir washing. This pretreatment operation enhanced the dissolution of Cs-137

and Co-60 in 5 M nitric acid, but not in an acetic acid-hydrogen peroxide mixture.

2.2 CONCLUSIONS

Testing conducted by NRT has shown that Warm Waste Pond sediments at the INEL has

the potential to be remediated to acceptable residual radionuclide concentrations through a

process combining the elements of physical and chemical separation methods. These operations

included particle classification, froth flotation (optional), attrition scrubbing, and chemical

leaching. In an exploratory test, the preoxidation of the organic material substantially improved

the leachability of the Cs-137 and Co-60. Fine material routed to low level waste comprised 5-

10% of the starting sample weight. Volumetrically this translates to 3-7% of original volume.

Bench scale tests with kilogram sample quantities have succeeded in cleaning 90% of the

Warm Waste Pond sediments on a blended basis without the use of RCRA hazardous reagents

or unacceptable secondary waste generation. Additional testing to support actual pilot plant

design will be required. This testing should be design and process specific to enhance equipment

selection and process definition for the selected design.
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FLOTATION OPTION

CUMULATIVE
DECONTAMINATION

FACTOR
(% REDUCTION)

CJI•in CASE

1.21 1.20
(17.4) (16.7)

2.35 2.98
(57.4) (66.4)

3.44 8.73
(70.9) (101.5)

10.3 62
(90.3) (98.4)

10.3 es
(90.3) (98.5)

+4 MESH
53 WT%
NO

TREATMENT
NEEDED

&H 7.4%

1.6% 3.5%

10.4%

SAMPLE 1

-4 MESH -4 MESH

4610
pCICs-137/4

FLOTA110N

SIEVE AT
100 MESH 5.0%

FINES TO LLW

(OF
AMMON SCRUB 11.4% -4 MESH)  ATTRITION SCRUB

AND SIEVE AND SIEVE
AT 100 MESH 5.4% (OF 4.8% AT 140 MESH 

ENTIRE

SIEVING OPTION

5004
pCICs-137/g

SIEVE
AT 140 MESH

V

STIRWASH
5 M HNO3

SIEVE AT
100 MESH

SAMPLE)

timoo‘

V

STIRWASH
5 M H1403

1.2%

0.4% 0.S%

SIEVE
AT 140 MESH

TEST FSW -2

b,„ TREATED
SEDIMENTS

a
r -.I

K-606(25)(1-11) 464 pCl Cs-137/g 446 pCl Cs-137/g

9-8-92

Fig. 2-4. WWP Sample 1 treatment options

CUMULATIVE
DECONTAMINATION

FACTOR
(% REDUCTION)

CHOI CSSE

1.34 1.55
(27.3) (26.1)

2.96 7.31
(66.2) (86.3)

9.9 75
(89.9) (98.7)

10.7 82
(90.7) (98.8)

TEST SPSW-1
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Warm Waste Pond sediments high in organic matter content cause problems when

introduced into the anticipated remediation process defined for low organic content sediments.

Since the high organic matter sediments also contain high contaminant concentrations, effective

WWP remediation requires that the high organic sediments be addressed. Oxidation of the

organics as a preliminary process step show promise of rendering the high organic sediments

compatible with demonstrated processes for low organic sediments. Additional testing, will be

required to verify its effectiveness and its application to full pilot scale.
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3.0 TEST RESULTS

3.1 EQUIPMENT AND PROCEDURES

All bench-scale test work on the treatment of the Warm Waste Pond sediments was

conducted in the General Atomics Radiochemistry Facility in San Diego. Much of the

equipment used in the testing consisted of normal chemical laboratory hardware. This includes

sieves, balances, mixers, drying ovens, an ultrasonic bath, thermometers, etc. Specialized

equipment used was a bench-scale WEMCO attrition scrubber (with a float cell attachment) and

a Canberra S-100 gamma ray spectrometer. For stir wash contacts, four-liter beakers were used

with agitation provided by a laboratory mixer with a mixer blade fashioned from stainless steel

tubing. Tumble washing utilized 2-liter plastic bottles, which were rotated end over end, and

a rock tumbler.

In the preliminary tests (Sample 1), the first rough sieving was done dry, but all

subsequent sievings of the smaller mesh fractions were made using wet sieving techniques.

Standard laboratory vacuum filters were used for separation of solids frorn ]iquids. Normally

540 filter paper was used to expedite filtration, but a few filtrates were subsequently passed

through a 0.5 µm filter for further clarification. Solid fractions were dried prior to weighing.

Solutions and weights used were identified in laboratory notebooks. Samples submitted

for gamma analysis were identified in the notebooks by weight and sample number for

subsequent matching in the gamma spectrometer printout. To be accommodated in the

spectrometer, the larger sized fractions (+1 in. and + V2 in.) required size reduction.
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3.2 FIRST SAMPLE TESTS

The various process steps and process quantities utilized in the exploratory (preliminary)

testing with the first sample are shown in Figures 3-1, 3-2, and 3-3. Also included are the Cs-

137 and Co-60 analytical results. No chromium analyses were performed in this testing stage.

Test results were reviewed during the test program and determined the direction of subsequent

process steps.

3.2.1 Preliminary Test Results

Sample Characterization. The 21.7-kg sample (Sample 1) of the Warm Waste Pond

sediments was sieved into 13 size fractions. Each fraction was weighed and analyzed for Cs-137

and Co-60. Tables 3-1A and 3-1B contain a summary of the characterization results.

Calculation details are contained in Ref, 5.

The results indicate a direct relationship between sediment grain size and concentrations

of Cs-137 and Co-60. As the grain size decreases, the Cs-137 and Co-60 concentrations

increase. Additionally, the ratio of both radionuclides remains roughly the same in all fractions.

This suggests that Cs-137 and Co-60 concentrations are related to the surface area of a particular

fraction. From the cumulative average Cs-137 and Co-60 concentrations listed in Table 3-1B,

it appears that the large sediment material, constituting 50 weight percent or more of the total,

can be screened out and would not require further processing to meet the remediated sediment

goal of 690 pCi Cs-137/g (Ref. 2). The sizeable rernaining sediment fraction, however, will

require further treatment.

Based on the estirnated Cs-I37 to Co-60 content of the WWP sediments (Ref. 1), the Cs-

137 to Co-60 radioactivity ratio is 3.33. The sample average ratio of 3.48 compares favorably

with this estimate. Some ratio variation, however, exists among the several size functions. The

large fractions (+12 mesh) and the tines (-325 mesh) have higher than average Cs-137 to Co-60

ratios (up to a ratio of 5.3).
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SEDIMENT
SAMPLE

21294.1

SIEVE (DRY)

g

+74/1.
FRACTION

500 m
0.1M
MOH

5132.0 g

(115 )

RINSE
WATER

+ 
Twat
WASH

1-1/2 HRS

FlnY 

9142 g

1000 m1 (120.4" )

MHNO3
0.01 M Cs RINSE
0.025 M Co WATER

HNO3 SOAK
1-1/2 HRS

DRY

(125
28.5

K-606(1)(1-1.0
9-15-92

+1/2-IN.
PRACTION

20411.0 g

(504
L 112 ) 

H20 

+ V 

(712 )

+3/11411.
FRACTION

WATER
WASH

1122.0 g

WATER
WASH

0.1M mom
500 mI
0.1 M RINSE
MOH WATER ULTRZONIC

TREATMENT
1 HR

TIO. OLE
WASH

1-1/2 HRS

7IP

FarlY 

940.7 g

1000 ml Gag )

5 MHNO3
0.01 M RINSE
0.025 M Co WATER

r13.11
42

+ V + 

HNO3 SOAR .4T
1-1/2 HRS

1 
[ 25.0 l

144

I DRY 

1 932.5 g

(376: )

114412 g

(643123

5420 ml
0.1 M RINSE
MOH WATER

+ V + 
MIME
WASH

1-1/2 HRS

-4 MESH
FRACTION

loans g

(FIGURE 3-2)

[ 1.1151 

LEGEND

SOLIDS xn g SAMPLE WEIGHT (GRAMS)

\ pC1 Cs -137/GRAM
xxx pCI 02-60/GRAM

LIQUIDS El FILTER (540 FIL R
S 
TE PAPER)

a OLUTION CONTENT
rama 

PPCCI
I ) NORMALIZED TO PER GRAM
00-80 or smarts ono STEP

Fig. 3-1. Warm waste pond sediment treatment preliminary tests — coarse sieving and
coarse fraction treatment
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FIGURE 3-1
-4 MESH
FRACTION

10~20.6g

DIVIDE

2400 g 4 2777 g 4, 2777 g 

Nal  

SPUT 2 SPUT 1

249.9 g

239.4 g

235.4g

12 MESH 2S MESH 40 MESH

DRY

MESH

-P[
j SO MESH 4 +325MESH ir -325
DRY DRY

RISER
AND DRY

392.5 g 361.11 g 640.6 g 4341.7 g 2705 g 69.0 g

150)(1
215 /

(30201
%SW /

(4071 0) (13710)

I

elan) l pap\7740 /

259 g
2a1 g 450 g

Bat.

845.5 g

(3190)
972

(FIGURE 3-3)

WET

4 100 MESH 4, 140 MESH 4 200 MESH 4, 325 MESH 4, -325 MESH

DRY DRY DRY DRY
RISER
AND

[ 1122sinimmer,
DRY

172.1 g 4&0g 20.29 25.39 ---I- 4-7.3g

(15430) C 13;201 C.:,"
I

er.) K -5454210
a-le-92

Fig. 3-2. Warm waste pond sediment treatment preliminary tests — fine sieving
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FIGURE 3-2

500m10.1 M SOH

RINSE WATER

800 ml
0.15 M HNO3
0.006 M Cs
0.016 M Co 70°C

12. 25, 40 MESH BLEND

545.5 g

3190
972V

ATTRITION SCRUB 15 MIN

RINSE WATER

STIR WASH 3 HRS

RINSE, SIE AND DRY

762.5 g

(1170)
84.5 

OA R FILTER HII9 [ 5.1.511 ]
1400 ml  V 

5 M HNO3 ,,,,,,04 STIR WASH 1 HR
0.0073 M Cs
0.0184 M Co 70°C

-325 MESH

[12.8
7.8

-325 MESH

14 g

( 3420 )

[ 115°2o 

-325 MESH (NOT MEASURED)

RINSE WATER m.110,1 RINSE, SIEVE AND DRY Foio1119Emm.1 DRY 1.=.*
752.2 g

6661
20.7

500 ml 
V 

H20 ATTRITION SCRUB 20 MIN

1000 ml
M HNO3

0.25 M HF

191

SIEVE AND DRY

•

722.7 g

672 )13.6

STIR WASH 1 HR

-325 MESH

Hol9E11191 DRY HO
21.8 g

RINSE WATER

704.1 g

(391 )
10

K-606(3)(1-11)
9-16-92

RINSE, SIEVE AND DRY

264
0.5 FILTER 1-...400 [23615.4

F DRY Ems*

-325 MESH 6.6 g

Fig. 3-3. Warm waste pond sediment treatment preliminary rests — mid fraction treatment
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Table 3-1A

First Sample Characterization Results - Large to Small

Retained
Fraction

We ght, g Analysis, pCi/g
Cumulative Average
Concentra ion, pCi/g Cumulative Percentages

Fraction Cumulative Cs-137 Co-60 Cs-137 Co-60 Weight Cs-137 Co-60

1 inch 5132.0 5132.0 155 35 155 35 23.69 1.49 1.17

1/2 inch 2945.0 8077.0 504 112 282 63 37.29 4.25 3.32

3/e inch 1122.0 9199.0 712 146 334 73 42.47 5.73 4.38

4 mesh 2268.5 11467.5 897 191 445 97 52.95 9.53 7.20

12 mesh I 841.2 13308.7 1150 218 543 113 61.45 13.49 9.81

25 mesh 1697.2 15005.9 3020 887 823 201 69.28 23.07 19.64

40 mesh 3005.1 18011.0 4070 1290 1365 383 83.16 45.91 44.88

60 mesh 2057.9 20068.9 3710 1030 1604 449 92.66 60.15 58.67

100 mesh 807.3 20876.2 5480 1800 1753 502 96.39 68.37 68.11

140 mesh 215.8 21092.0 10200 4140 1840 539 97.38 72.38 73.90

200 mesh 94.8 21186.8 15300 5680 1902 562 97.82 75.28 77.41

325 mesh 118.7 21305.5 20000 6070 2002 593 98.37 79.67 82.22

-325 mesh 353.3 21658.8 30800 7740 2470 710 100.00 100.00 100.00
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Table 3-1B

First Sample Characterization Results - Small to Large

Cumulative Percentages

Retained
Fraction

Weight, g
Cumulative Average

Concentration,
pCi/g

Entire Sample -4 Mesh

Fraction Cumulative Cs-137 Co-60 Weight Cs-137 Co-60 Weight Cs-137 Co-60

-325 353.3 353.3 30800 7730 1.63 20.32 17.76 3.47 22.47 19.14

325 118.7 472.0 28070 7360 2.18 24.75 22.60 4.63 27.36 24.35

200 94.8 566.8 25940 7080 2.62 27.46 26.10 5.56 30.35 28.12

140 215.8 782.6 21600 6270 3.61 31.57 31.91 7.68 34.90 34.38

100 807.3 1589.9 13410 4000 7.34 39.83 41.35 15.60 44.02 44.55

60 2057.9 3647.8 7940 2320 16.84 54.08 55.14 35.79 59.78 59.41

40 3005.1 6652.9 6190 1860 30.72 76.93 80.42 65.28 85.03 86.64

25 1697.2 8350.1 5550 1660 38.55 86.51 90.24 81.93 95.62 97.22

12 1841.2 10191.3 4750 1400 47.05 90.47 92.82 100.00 100.00 100.00

4 2268.5 12459.8 4050 1180 57.53 94.26 95.64

3/s inch 1122.0 13581.8 3770 1090 62.71 95.76 96.68

1/2 inch 2945.0 16526.8 3190 920 76.31 98.52 98.83

I inch 5132.0 21658.8 2470 710 100.00 100.00 100.00
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An estimate of the first sample organic material content was made by noting the mass

change resulting from heating a dried aliquot of the -4 mesh portion (split 3) in a 400°C furnace

for approximately 65 hours. The weight loss was 1.59%. On this basis, the estimated organic

content for the entire sample is 0.75%.

Large-Sized Material Treatment. Although the larger sediment material fraction could

forego further treatment, under conditions of the ROD (Ref. 2), exploratory tests were made on

their decontamination by various solutions. Figure 3-1 illustrates the tests undertaken, along

with the analytical results. The tests included a simple water wash, contact with 0.1 M NaOH

in an ultrasonic bath, tumble washing with 0.1 M NaOH and a nitric acid soak. Table 3-2

summarizes the decontamination factors and contaminant reduction percentages obtained.

Calculation details are contained in reference 5.

The results indicated a significant amount of Cs-137 and Co-60 can be removed by a

simple water rinse. Tumble washing appeared to be effective for the 1 inch and 1/2 inch

fractions, but provided little benefit for the small grain fractions. It should be noted that the 1

inch fraction was not water washed prior to tumbling, as were the other fractions. This, to some

extent, accounted for its higher tumble wash contaminant reduction factors.

Ultrasonic treatment resulted in very little Cs-137 or Co-60 removal. A nitric acid soak

appeared to be more effective for Co removal than Cs. However, significant dissolution of the

sediment material can occur, introducing a waste solution treatment concern. More than 10%

of the 1 inch fraction dissolved during its HNO3 soak. During this work, significant bubbling

was noted from one rock. This is indicative of the sludge generation concern resulting from the

treatment of large sediment quantities with hot nitric acid.

Of particular interest was how the removed Cs-137 and Co-60 is distributed between the

spent treatment solutions and the -325 mesh fines removed from the waste solution by filtration.

Table 3-3 lists this distribution. Typically more than 90% of the removed Cs-137 and Co-60

remained on the solids. The apparently low Cs-137 and Co-60 content in the 4 mesh ultrasonic

treatment fines was likely due to measurement uncertainties. The Cs-137 and Co-60 content in
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Table 3-2

First Sample Large Size Material Treatment Results

Decontamination Factor (I)
(% Contaminant Reduction)t')

Water Wash Ultrasonic Treatment a) Tumble Wash (2) 5M HNO Soak (3)

Fraction
Cs-137 Co-60 Cs-137 Co-60 Cs-137 Co-60 Cs-137 Co-60

1 inch -- 1.29 1.23 1.00' 1.00"
(22.6) (18.9) (0) (0)

1/2 inch 1.16 1.14 1.16 1.22 1.02 1.08
(13.9) (12.5) (13.8) (18.3) (2.4) (7.6)

WEI inch 1.04 1.11 1.07 1.07 1.09 1.04
(3.8) (9.6) (6.1) (6.8) (8.2) (4.1)

4 mesh 1.13 1.35 1.003 1.07 1.05 1.05 --
(11.8) (25.7) (0.3) (6.3) (5.2) (4.5)

i5;

z

cn

Activity in feed divided by activity in product

In 0.1 M NaOH

Also contained 0.01 M CsNO3 and 0.025 M Co (NO3)2
(Feed concentration - product concentration) X 100

feed concentration

Product sample had a higher value than feed - a DF of 1.00 was assigned
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/
N
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Table 3-3

Large Sized Material Treatment Wastes

Distribution of Activity Between Solution and Fines

Fraction

Fraction of Removed Cs-137 and Co-60 in Fines (I)

Water Wash Ultrasonic Treatment Tumble Wash

Cs-I37 Co-60 Cs-137 Co-60 Cs-137 Co-60

I inch --

1/2 inch 99 97

% inch 91 89 96 89

4 mesh 97 97 45424 942) 97 80

' Component in treatment tines (-325 mesh) divided by total component removed
(21 Calculation includes the difference between two large numbers close in value resultina in hiah uncertainty

z
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the fines was calculated using the difference between the input and output values. Since the

contaminant reduction factor was low, the uncertainty in the difference was magnified.

The results suggest wet screening should be used as an aid in separating the relatively

radioactive fines from the relatively nonradioactive rocks.

Jntermediate-Sized Material Treatment. A blend of the 12, 25, and 40 mesh fraction

from the characterization effort (Figure 3-2) was chemically and physically treated for removal

of contamination. Figure 3-3 presents the process steps used, the process conditions, and

analytical results. Table 3-4 contains a summary of the treatment results.

Because of sample quantity limitations, the process steps were done sequentially with the

same sediment sample fraction. Perforrning the later stage process steps with previously

untreated samples would likely yield different results.

One significant finding was that essentially all of the removed activity existed in the solid

fines (-325 mesh) fraction rather than in solution. This finding was in agreement with the results

from the large fraction treatment. Only in the treatment step using hydrofluoric acid did a

significant fraction of the Cs-137 and Co-60 dissolve. In general, Co-60 was more readily

removed than Cs-137. Attrition scrubbing in dilute sodium hydroxide resulted in significant

decontamination, but at the expense of generating a significant quantity of -325 mesh fines (6%

of the feed.) Since the activity was in the fine material, it was necessary to remove the fines

to achieve significant contaminant removal. Attrition scrubbing with water was ineffective in

reducing the concentration of Cs-137 in the product. The total quantity of Cs-137 in the product

was reduced only because of fines formation and their subsequent removal by sieving.

Material balances were determined around process steps where a sufficient number of

measurements were performed. Not all of the Cs-137 and Co-60 could be accounted for

(typically 10%). This could be due to the inability to cornpletely recover the -325 fines fraction

from the filter paper. Since the fines fraction contained the highest concentration of Cs-137 and

Co-60, a small recovery deficit would have a relatively large impact on Cs-137 and Co-60

balance.
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Table 3-4
12, 25, and 40 Mesh Blend Treatment Summary

Sequential Process

Step

Fraction Dissolved m Fraction In Fines ° Fines/SoIution P'

Decontamination

Factor ("

% Contaminant

Reduction6)

Wt Cs-137 Co-60 Wt Cs-137 Co-60 Cs-137 Co-60 Cs-137 Co-60 Cs-137 Co-60

0.1 M NaOH Attrition
Scrub

0.016 0.0040 0.0080 0.060 0.50 0.68 125 85 2.18 4.03 54.2 75.2

Dilute HNO3 Wash 0.0068 0.0011 0.021 0.018 0.144 0.502 130 24 1.25 2.85 19.9 64.9

5 M HNO3 Wash -- -- -- -- -- -- 1.76 4.08 43.1 75.5

Water Attrition Scrub -- -- 0.029 -- 1.00") 1.58 0.0 34.3

5 M HNO3, 0.25 M,

HF Wash

0.0091 0.344 0.442 1.72 1.36 41.8 26.5

In Quantity determined o be in filtered waste solution divided by quantity in process step feed

'2' Quantity determined to be in the -325 fraction fines divided by quantity in process step feed

Quantity in -325 fines fraction divided by quantity in waste solution

Feed activity divided by product activity

t5) (Feed concentration - product concentration) x 100

feed concentration

Product sample had a higher value than feed - a DF of 1.00 was assigned

z
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3.2.2 Preliminary Flotation Tests

The sediment characterization and exploratory testing described above indicated the bulk

of the Cs-137 and Co-60 contamination was associated with the fine grain fractions. In the

mining industry, the most common method of separating fines from other material is by

flotation. Flotation is particularly applicable where a large quantity of material, such as the

Warm Waste Pond sediments, is to be processed.

For bench-scale testing, simple attachments to the attrition scrubber used in the earlier

tests permitted its operation as a flotation cell. An essential consideration in the preliminary

bench-scale tests was the limited quantity of Warm Waste Pond sediment samples and the

minimum quantity required per test (about 150 grams with 750 grams or more preferred).

Equipment and procedural shake-down tests were made using local (San Diego) soil

spiked with organic material (dried steer rnanure). These tests indicated a need for a cover on

the froth bath to limit potential contamination spread. A suitable cover was fabricated and

utilized in the subsequent testing.

Initial tests with Warm Waste Pond sediments focused on determining which flotation

reagents yield the best sediment decontamination. Since the sediments contained organics (Ref.

1) and the organics were likely to have high concentrations of the contaminants, the choice of

flotation reagents included those that are specific for organic removal.

Two types of reagents were used in the flotation tests. The first, frothers, helped form

a stable froth of air bubbles upon which the desired sediment fractions float to the surface of the

agitated and aerated slurry. The two frothers used were:

1. Pine Oil

2. MIBC/F65

The pine oil used was HERCO® Pine Oil (terpineol) produced by Hercules Incorporated,

Wilmington, Delaware. Other uses include household disinfectants and cleaners. MIBC/F65
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consists of three parts methyl-isobutyl carbinol (methylamyl alcohol) to one part F65 (Aerofroth®

65 Frother). The MIBC used was manufactured by EM Science, Gibbstown, New Jersey. F65

is a polypropylene glycol manufactured by American Cyanamid Co, Wayne, New Jersey.

The other type of reagent used is a collector (promoter). This reagent type provides the

sediment fractions to be floated with a water repellent, air-avid coating that attaches to air

bubbles. The collectors were added about five minutes prior to frother addition to condition the

sediments for flotation. The three conditioners used were:

1. Emulsified high-density mineral oil

2. A208

3. Armac T

The mineral oil was supplied by Eastman Kodak Company, Rochester, New York. The

emulsion used consisted of 20 parts water, 2 parts mineral oil, and 0.2 parts SCS emulsifying

agent. A208 (Aerofroth® 208 Promotor) is a phosphorodithioate salt mixture supplied by

American Cyanamid Co., Wayne, New Jersey. It has been used for many years as a flotation

agent. Armac® T is a tallow amine acetate mixture manufactured by AKZO Chemicals, Inc.,

Chicago, Illinois. It is a widely used tlotation agent for quartz and silicates. It was added as

a 1 wt% aqueous solution.

Reagent concentrations commonly used in mineral dressing are 0.1 to 0.5 pounds per ton

of ore processed. Flotation tests of Warm Waste Pond sediments used reagent concentrations

in this range. A float cell attachment to a bench-scale WEMCO attrition scrubber was used for

the tests.

In operation, the frother was added about five minutes after the conditioner addition. The

air inlet valve was then opened and the froth rnanually skimmed from the bath with a spatula and

collected in a tray. Water was added as needed to maintain level. A test was considered to be

complete when a scurn of sedirnents was no longer apparent on the froth. In each of the

preliminary tests, multiple reagent additions were made sequentially. The test conditions and

results of these preliminary tests are contained in Figures 3-4 through 3-8. The feeds used for
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SAMPLE

283.8 g

("117431)

EMULSIFIED
MINERAL OIL A20S ARMAC

14.2 µI 14.2 pl 35.0 µI

NNW -F55 NNW -RM MISC-Fe5 MUM -Fe5
14.2 pi 7.0 pl 14 Id 14 61

I H20 1 H20 il 1420 I H20

+ IF + +

WATER 
3.5 I

FLOTATION CELL I 900 RPM

20 MIN

0.5 is 529 ml

FILTER

DRY

14.2 1d OF REAGENT
15 EOUIVALENT TO
0.1 POUND PER TON

OF SEDIMENT.
FOR ARMAC,
14.2 61 .0 0.001

POUND PER TON

K-808(5)(1-11)
8-5-92

115 MIN

405 nil0.5 It
FILTER ir

DRY

1 328 g

y (340021

+325

111RIT1

1
 231.2 g

(2620
818

12 MIN

0.5 µ
FILTER

DRY

1.391 g

y (4406°1

110 MIN

80.5 is 00 ml

FILTER -;

[1.41

♦ 
I DRY I

2.754 g

(31,0011IN
\ 9420 /

V

SIEVE
325

ml50000.5 µ
FILTER

wr;„:,.,
DRY

1 us 9

r7,391

Fig. 3-4. Preliminary flotation test — Series A
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SAMPLE

253.7 9

5904
1703

PINE OIL
14.213

H20

EMULSIFIED
MINERAL OIL

14.2 pl

PINE OIL
142 pi

H20

PINE OIL
14.2 pi

ARMAC
35.4 pš

1 H20

ARMAC
53.2 pi

I H20

WATER 
3750 mI

0.5
FILTER

FLOTATION CELL I 900 RPM

1
.15 MIN

325 m1

[
80
01..15

I DRY 

1 1.594 g

8,800
(26770

14.2 0 oF REAGENT
0.1 POUND
PER TON

OF SEDIMENT.
FOR ARMAC,
14.2 pl • 0.001

POUND PER TON

K-606(6)(1-11)
8-5-92

16-3/4 MIN

525 ml0.5
FILTER iv

tea

DRY

2 722 g

(2:637000)

H20

111 MIN

0.5 p
FILTER

DRY

1325 m1

[ 
4.93
223

10 MIN

_Y---
0.5 11513 ml

FILTER ir

[ 2..6o1n

DRY

3 364 g

(29,4001
5740 /

+325

DRY

245.1 g

27611081 )

SIEVE
-325

5000 mli-1-[;0.3.;,
I DRY 

1
 17.232 g

(2
4,901
9310

0.5 p
FILTER

Fig. 3-5. Preliminary flotation test — Series B
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SAMPLE

291.2 g

taxa
‘1719/

WATER
3000 ml

ARMAC
70.5 pl

EMULSIFIED
MINERAL OIL

14.1 pl

MIBC-F65
70.5 Fal

H20

ARMAC
70.5 µI

EMULSIFIED
MINERAL OIL

14.1 61

MOW -F65
70.5 61

1420

ARMAC
70.5 pi

EMULSIFIED
MINERAL OIL

14.1 µI

MISC -F65
70.5

1120

ARMAC
70.5 µ11

EMULSWIED
MINERAL OIL A206

14.1 pi 35.2 pl

MIBC-F05 MIEIC-F55
105.7 pl 35.2 pl  

Hip

t

A206
35.2 61

MISC -F613
91 61

FLOTATION CELL I 900 RPM

FILTER -;

DRY

14.2 pl OF REAGENT
0.1 POUND
PER TON

OF SEDIMENT.
FOR ARMAC,
14.2 µI • 0.001

POUND PER TON

K -605(7)0 -11)
8-5-92

16 MIN

0.5 tt 1600 ml

FILTER

[3.15 1
235 J

DRY

4.223 g

(3143601y 

+325

17 MIN

0.5
FILTER

DRY

";

1600 ml

[ 259

3.092 g

♦ (:2110 )

15.5 MIN

0.6 it
FILTER

900 ml

[1A6
oso

2 MIN 0 MIN

0.5 tt
FILTER

DRY

2.056 g

y reel

1,

IT/F171

1
 245.97 g

i 3070 \
\ 904 i

SIEVE

5000 ml

DRY 

1 13.257 g

4,501
(27900

Fig. 3-6. Preluninary flotation test - Series C
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SAMPLE

390 g

4510
1310

WATER
3000 ml

ARMAC ARMAC
3.9 ml 3.9 unI

EMULSIFIED EMULSIFIED
MINERAL OIL MINERAL OIL

665 01 116.6

MOW -F65 MIMIC -F65
46.6 M 4&6 PI

H20 H20

ARMAC ARMAC
3.9 ml 3.9 ml

EMULSIFIED EMULSIFIED
MINERAL OIL MINERAL OIL A209

66.6 PI 66.6 µl 411.9 IJ

MIBC -F65 MISC-F65 MOW -F65
70.2 pl 70.2 111 70.2 µI

H20 H2

0

H20

FLOTATION CELL 1 
900 RPM

16 MIN 16 MIN I 16 MIN 1 12 MIN 10 MIN 

2000 
ml2000 ml0.5 is 0.5 µ

FILTER ly FILTER

r 2.31 I
1.47

DRY

14.2 pl OF REAGENT
• 0.1 POUND
PER TON

OF SEDIMENt
FOR ARMAC.
14.2 µI 0.001

POUND PER TON

µ-60611110-11)
7-7-92

[13.3233

DRY

5.97 g

(26,701
y 6390

2000 ml0.5 is
FILTER ir

r 1.79 1
L1.02 I

DRY

5.594 g

V (2 400
1:120

1600 ml 1600 ml
0.5 µ 0.5 µ
FILTER -; FILTER -;

r tea
L 0.91 [ 1.29095

MY
3.477 g

y era )

5000 ml

I DRY

1 ages g

/29,100 \
V0,100/

+ 100

111•11111101111•1

DRY

343.0 g

v (1990
442

SIEVE
-325

+325

DRY

12.215 g

/I tax
irk4590/ [ 74149 I

DRY

I 6 354 g

9,600
SOSO /

Fig. 3-7. Preliminary flotation test - Series D
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SAMPLE

g

rim)

WATER
3000 ml

ARMAC ARMAC ARMAC ARMAC
10.15 ml 10.15 mI 10.15 mI 10.15 ml ARMAC

EMULSIFIED EMULSIFIED EMULSIFIED EMULSIFIED 10.18 mI

MINERAL OIL MINERAL OIL MINERAL OIL MINERAL. OIL A208
225.3 µI 225.3 pl 225.3 pl 22A3 122 µIpl

MISC-F65ME= -Fes MISC -F05 MISC -Fes MIBC-F1S5
122 pl 122 pl 122 id 122 pi 122 pl

II H20

♦
HA H20 Hz0 ir H20

18 MIN

FLOTATION
13 MIN i

CELL
10 MIN 10 MIN

900 RPM
6.5 MIN

0.5 p 2500 ml

FILTER ir

[21.15

DRY

13.635 g

(27,100)
y 7480

14.2 µI OF REAGENT
• 0.1 POUND
PER TON

OF SEDIMENt
FOR ARMAC,
14.2 µI • 0.001

POUND PER TON

K-606(12)(1-11)
7-7-92

0.5 µ 2000 ml

FILTER ir

r 2.15
1.32 J

DRY

8.674 g

(25,500 \
y 8570 /

+100

-T-
1500 ml0.5 µ

FILTER

DRY

11.828 g

(115,504
y 8200

0.aµ 1100ml

FILTER ir

r 1.13
L 0.47

V
DRY 

1
 34.32 g

(ino )
551

5000 ml

0.5 µ 800 ml

FILTER 1.

[ 
0.33

V 
I DRY I

1
 0.388 g

tots* \
9780 /

328.3 g

(2420 )
orill

SIEVE
-325

+325

DRY

8.234 g

9020
y (3150 )

7.00 1
2.32 I

V 
DRY 

jr 3.543 g(10,500 \
4300 /

Fig. 3-8. Preliminaty flotation test - Series E
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test series A, B, and C were prepared by recombining the various -4 mesh fractions resulting

from the sample characterization effort (Fig. 3-2) in approxirnately the same proportions as in

the initial sample, then adding additional -325 mesh fraction to raise the initial contaminant

levels. This increased the -325 mesh fraction from 3.67 wt% to 8.42 wt%. For flotation test

series D and E, the feed was prepared by combining, mixing, and then splitting the +325 and -

325 mesh tails from flotation test series A, B, and C.

The concentrations of Cs-137 and Co-60 in float fractions are typical of those in the

sediment fines. This shows that flotation can be used as a means of removing the fines from

the bulk of the sediments. Table 3-5 contains the details of the various flotation tests made with

Sample 1 including the flotation steps of the integrated tests.

The results indicate a reagent combination of emulsified mineral oil and MIBC-F65

conditioners with the Armac tallow amine frothers is the rnost effective combination for fines

removal. By flotation, 40 to 45% of the contaminants can be concentrated into 6 to 7% of the

flotation feed (3.5 to 4% of the original sediment weight).

3.2.3 Preliminary Attrition Scrub Tests

The +100 mesh fractions from flotation test series D and E were combined and

processed through two stages of attrition scrubbing with 30% hydrogen peroxide at a pulp

density of 70%. The attrition scrub products were sieved to remove the -325 mesh fines

generated by the scrubbing. Figure 3-9 shows the test conditions and stream analyses. During

the first attrition scrub, excessive foaming caused the loss of some of the material (approximately

1% by weight, but 10 to 15% of the contaminants). Table 3-6 contains a summary of the

hydrogen peroxide attrition scrub test results. The contarninant rernoval factors obtained in the

first attrition scrub stage were rnore than a factor of two higher than those from the second

stage. The fraction of the Co-60 that dissolved in the hydrogen peroxide scrub solution was

significant (0.22 in the first scrub) and much higher than the Cs-137 fraction dissolved (<0.01).

The results indicate that there is little to be gained by successive attrition scrubs with the same

reagent. The +325 rnesh product from the second stage scrub was further sieved into a +100

mesh fraction and a -100 mesh fraction. Unexpectedly, the -100 rnesh fraction had slightly
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TAKE 3-5
WARM WASTE P0040 PRELIIMAHY FLOTATION TESTS

Smits Floiadon Reagent Stage

Frother
Comment

Reagent
C04.0141L
(113W1041
sodas)

Flolatioe
%Me
0043

Weight
41 -4
Meth Weight

(-325303
SAM&

et Fines
ant

W•Ighl
01 FIW.

Con"

Wt% Mel.
Coat

Pa%

ConceednIkei
Facto491In CeseetW110 ill Feed

SeMple,

9

el
Mph

% Neesteited
Mark In %XIS°

Cal".111.1.M

gbotiOn
solids)

-4 -4

F."

9 C4-137 Ce-14
Cl4=LIT

C.-137 C4-514 Cm -137 Ca -GOCe -40

A 9413C-F6.5 1 0.100 20 253.4 24.4 8.80 1 952 0.70 21.200 7.320 SLIS
1741

3.56 3.37 4.7 4.2

A Ernehuled Yen' CRY= -F65 2 0.050 0.009 15 1 326 0.47 30.200 1-900 2.56 2.44 5.0 4 5

A 42013410C -F65 3 0.100 0.103 10 1.391 0.49 29400 7540 214 244 4.9 • 3

A Annec Tallow MUM Aciaaie SaluWEIC -765 4 0.100 0.01325 10 2.754 0.97 31000 9.420 5.44 403 5.2 5 4

A 0350 0 1115 55 2838 24.4 160 7 453 2 53 29.450 5240 14.24 14.21 50 4 7

5 Rne 04 t 0.100 15 263 7 24.4 5.60 1.594 0.56 21930 4.770 35011
1703

2.55 2.31 4.5 40

8 Ernu144•4 anent Oen* 04 2 Q. 0.009 16.7 2122 0.96 29.300 7190 5.30 4.59 10 46

8 Aunac Talow Mine Saliffine 04 0.100 0.0025 1 8.841 2.49 23.900 7.040 11.11 10.37 4 0 4 1

9 Anew %tow Anw*Sali 4 0 100 0.0038 10 3.964 1.19 29403 8.70 11.112 430 S 0 5-1

8 %We 0.400 0 0153 52.7 243.7 24.4 910 14.561 1.13 26.400 /5511 25.97 23.4/ 4 6 4.4

C Anne< AnwasemuisSed 14nora101/
318C -F85

I 0500 0.509 16 281.2 24.3 5.64 6.341 197 29.900 7140 4222
1719

14.54 1311 5.0 4.3

C ASITISC kninsAlineni CSAMIC 2 0.500 0.059 18 4.223 LSO 31.603 1730 7.94 rat 5.2 5.1-F65

C Annae AmoneMnial 044431C 3 0.503 0 069 17 1082 1.10 32.400 9210 194 5.13 5.4 5.4-F55

C Atrium Anew/Mineral ONAWIC -F65 4 0.750 0.055 16.5 1.414 0.50 30.500 9.410 2.57 2.71 5.1 5.5

C 4200103C -F65 5 1 250 0.500 22 2.056 0.73 30103 9.100 3.74 4.14 5.1 5 5

C TONY 3 503 0.736 371 281.2 24_3 414 19.116 8.80 3/103 4.3110 3543 3110 5.1 4 0

D Annie Amne/Esnulehel Wane UMW - F65 1 0.240 0.240 18 390.0 24.42 6.23 6.3311 2.14 29.300 5.500 MA
1910

15.06 15.15 65 8.5

0 Aartac Aninetteneral 01AMEIC -765 2 0.240 0.240 15 5.970 1.53 21.230 8.390 10.56 11.20 8 4 6.4

0 Armee MeneflAnonl 09149C -KS 3 0.360 0.240 IC 5.594 1.43 26.400 5.120 9.10 1016 5.9 8 2

0 Anew Aminwthees4101/140C-F155 4 0.380 0 240 12 3.477 049 24.500 1.540 5.26 164 5_4 8.5

o 4200/14150 -F85 5 0 WO 0.250 10 0494 0.18 29100 10.109 1.23 1.64 6.5 7.7

1.560 1210 70 3910 24.42 8.25 24.053 6.17 27100 la 41-20 45.30 6.2 6.4
E Anew Amine/Emulided Mils* 014416C 1 0.1500 0.600 11 405.7/1 25.41 5.74 13.535 3.36 21.103 7.480 la

1270
21.541 2477 62 5.9-F85

E Rena AmtneMinore1011/1413C -765 2 0.600 0.600 13 6.674 21.4 25.500 0.570 12.91 14.77 5.8 6.7

E Armee Aminthlinen101/11141C -R35 3 0.500 0800 10 6.524 1.65 16.500 8203 416 11.13 3.1 8.5

E Armee Aminwilineral 091415C -F85 4 0800 0600 10 34.320 11.41 1.720 541 3.46 3.96 0.4 0.5

E 421164418C -F85 5 0100 0.600 6.5 0.306 0.10 25.600 9.750 0.55 o.n 5.9 7 3

E Tota 3.030 3000 55.5 405.73 25.41 8.26 83.644 15.n 12.100 4.010 45.10 50.85 211 3 2
FSW1 Ann= AnwelErnulettel Itinen0041.41BC -F65

Ament0i:
1 0.140 0.140 30 755.0 27.3 3.47 31.20 3.96 32200 9.620 Stlo

1360
25.011 nos 7.1 7.1

FSW2 Raw Artineentieted Miami OWNIEIC - F65
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343.61 g

FLOTATION 1880
SERIES D k 442

+100 FRACTION

325.3 g

FLOTATION ( 2420
SERIES E 615

+100 FRACTION

474.8 g

(1070 )
158 

 1 579.7 g

( 1070 )
156

671.91 g

(2200
5213

15 MIN

30% H202
255 ml

+325 326

RINSE
INATEn

3500 rttl

[100
5.82

37.527 g

(12,4001
2700 /

ATTRITION SCRUB 
RINSE
WATER

15 MIN

+325

+100

435.0 g(MO)
153

SIEVE
-100

39.6 g

997 144

-325

 122210 ml

[ °16.35.0
DRY

I 43.975 g

(sew
526

Fig. 3-9. Attrition scrub with hydrogen peroxide

K-605(10)0-11)
7-7-92
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Table 3-6
Preliminary Attrition Scrub Test

Decontamination Factorw
(% Contaminant reduction)(3)

Percent Dissolved(2'

H202 Attrition
Scrub Stage

Cs-137 Co-60 Wt. Fraction -325
Mesh in Product

Cs-137 Co-60

1.64 (39.1) 2.46 (59.3) 0.056 0.30 22.2

2 1.25 (20.1) 1.38 (27.4) 0.070 0.03 8.1

overall 2.06 (51.4) 3.38 (70.5) 0.121 ---

Feed concentration
+325 Mesh Product Concentration

(2) As a percentage of the total recovered

31 (Feed concentration - product concentration) x 100
feed concentration

lower Cs-137 and Co-60 concentrations than the +100 mesh fraction. This suggests that the

attrition scrub product should be sieved to a size smaller than 100 mesh.

The combined flotation (Series D and E) and hydrogen peroxide attrition scrub process

steps are illustrated in Figure 3-10 and summarized in Table 3-7.

Listed contaminant removal factors are based on removing the fines fractions, which have

high Cs-137 and Co-60 concentrations, from the product stream after each major process step

(flotation and attrition scrub). The ROD (Ref. 2) indicates a goal residual Cs-137 concentration

of 690 pCiig. Although the second stage attrition scrub product has a Cs-137 concentration a

factor of 1.5 times higher than this goal, combining the treated product with the +4 mesh

material in the original sample would yield an average Cs-137 concentration approaching the

goal value.
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WATER
FLOTATION
REAGENTS I

795.78 g

( rile

390 g

4510
1310

FLOTATION
SERIES

D

24.083 g

7,71
03435

15.5115 g

(14,211
4758

CONCENTRATES

WATER
FLOTATION
REAGENTS

405.78 g

4380
83.548 g
( 1270 ) V' V

42iro

87.911 g

(18,391
5221

30.348 g

(132475 )

F
-100 MESH
RACTIONS

[ 18.7
10.3

118.257 g

(15,11001
X 4978 /

11.777 g

(11,8701
3514 /

K -808(9)(1- )
7-7-92

4 

14,200 ml
LIQUID WASTE 4 

15.2
7.02

12,900 ml

FLOTATION
SERIES

E

27,100 m
343.81 g 328.3 g

( 
442 / 1 

\ [ 15.8.69 ( 
242618
0 )

[ s1 .0 0.2

30% H202
871.91 g

(2200 )

V 
525

8500 ml

3500 ml

3000 ml

ATTRITION SCRUB

37.527 g

(12,400)
2700

+325
826.93 g

30% H202 ( 1340 \
215 /

[ 6:51.0

ATTRITION SCRUB

- 25

81.502 g

lommommpil. 7ss4
1527 /

-325

+325

579.7 g

( 1070 )
158

43.975 g

(
3880
52s)

Fig. 3-10. Preliminary flotation — attrition scrub summary
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Table 3-7
Preliminary Flotation - Attrition Scrub

Result Summary

Decontamination FactorsP)
(% Contaminant Reduction?'

Step Cumulative Fractional Fines Generatee

Process Step Cs-137 Co-60 Cs-137 Co-60 Step Cumulative

Flotation 2.02"1 2.44"' /.02 2.44 0.149 0.149
(50.5) (59.0) (50.5) (59.0)

lst Scrub l.64" 2.46' 3.32 6.00 0.056 0.196
(39.1) (59.3) (69.8) (83.3)

2nd Scrub 1.25" 1.38" 4.15 8.26 0.070 0.251
(20.1) (27.4) (75.9) (87.9)

( I I

(2)

13)

(4)

(5)

Step feed concentration
Step +100 mesh product concentration

Step feed concentration
Step +325 mesh product concentration

To achieve a Cs-137 level of 690 pCi/g, a Cs-137 DF of 6.44 is needed

Based on the feed quantity to the tlotation step -- on the original sample basis, the fractional tines values
are a factor of 2.1 lower

(Feed concentration - product concentration) x 100
feed concentration

3.2.4 Halide Treatment Test

A proprietary process application of a commercially available mixture of halides has been

used successfully in the extraction of gold from gold ores. In application, an advantage of the

halide process is the ability to regenerate and recycle the halide compound on-site. A portion

of the hydrogen peroxide attrition scrub product was contacted with a solution of the proprietary

halide mixture in a stir washer (manually stirring in a glass beaker). Test conditions and results

are shown in Figure 3-11. Less than 0.5% of the residual Cs-137 dissolved, but 14% of the

residual Co-60 did. The Cs-137 removal factor was low (DF of 1.18). Halide stir wash

treatment offered no advantage over alternate stir wash treatments (see Table 3-4).
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0.91 WO
HAUDE SOLN

92.9 g

935106

K-606(8)(I —11)
7-2 —92

105 nil

+100
gommim

FROM H202
ATTRMON SCRUB

+325 MESH FRACTION

I
106.1 g

1070
las /

STIR WASH
100 MIN

V
+325

11111111.1111111111••••

DRY

103.4 g

97.3"13

SIEVE
—325

—100
SIEVE

10.9 g

787
73.1

V

Fig. 3-11. Halide treatment

0.5 µ
FILTER

RINSE
WATER

600 ml

{WWI

1 0 666 g

( 3022160 )

[ 12.5760
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As with the hydrogen peroxide attrition scrub product (Fig. 3-9), the halide treatment

+325 mesh product was further sieved into a +100 mesh fraction and a -100 mesh fraction.

Again the -100 mesh fraction was found to have lower residual Cs-137 and Co-60 concentrations

than the +100 mesh fraction indicating the weight of material to low level waste can be further

reduced by sieving at a tiner mesh size.

3.2.5 Integrated Flotation Tests

Two integrated tests were made using the rnajor process step sequence of flotation,

sieving, single-stage attrition scrubbing, and stir washing. Feed for the tests came for the initial

sample screening work (Fig. 3-1 and 3-2). The -4 mesh splits, 1 and 2 were combined, and

split into seven aliquots. Separate aliquots were used for each test. The only prior processing

these feed samples received was the initial coarse screening of the "as-received" sample.

Both tests, FSW-1 and FSW-2, utilized identical flotation processes. For attrition

scrubbing, test FSW-1 used 30% hydrogen peroxide, whereas test FSW-2 used 0.74 M

ammonium hydroxide. In both tests, the attrition scrub product was divided into three fractions,

with each fraction subjected to different stir washing conditions (a total of six conditions). All

particle size separations were done using a 100 mesh screen. Figures 3-12 and 3-13 present the

test conditions and measurements' obtained for each test. Table 3-8 summarizes the test results.

Test FSW-1 flotation step had slightly higher Cs-137 and Co-60 removal factors than test

FSW-2 but lower post-flotation sieving removal factors, resulting in about the same overall

removal factors for the flotation-sieving combination. The feed sample was an aliquot of the -4

mesh portion of the original starting sediment sample. By comparison with the sample

characterization values in Table 3-1B, the tines fraction and the contaminant removal factors

agree well with those attainable by removal of the -325 mesh fraction. However, following the

sieving at 100 mesh, the removal factors achieved and the fines fraction obtained were higher

'Composition measureinents of feeds to the stir wash steps were nut made. Poor Cs-137 and Co-60 material

balances for the individual test FSW-I stir washes indicated feed composition variations occurred. The listed feed
compositions were calculated from the weighted average product analyses.
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-4 MESH SAMPLE

769 g

(4513::

WATER

ARMAC
3.94 ml

EMULSIFIED
MINERAL OIL

175 µ1
MIBC—F65
55.2

FLOTATION CELL
1100 RPM

30 MIN

CONCENTRATE

TAILS

+100 -100
SIEVE

FILTER
AND DRYI DRY

•

675.3 g
et 39

t.:3
(2190 )

509 (17,501

I

[ 76
6710

30% H202
290 ml

RINSE
WATER

ATTRITION SCRUB
12 MIN. 1000 RPM

+100

DRY

614.5 g 1

(11 0 3490 )

TO STIR
WASH

SIEVE
100

V

FILTER
AND DRY

5000 ml

59 1 g

61,2w \
k 2560 /

r 5.70 1
96.9 J

FILTER
AND DRY

31.20 g

(39620
2.201

3750 ml

[ 6.4564 I

TO FIGURE 3-12 K-606(13)(1-11)
SHEET 2 9-16-02

Fig. 3-12. (Sheet I) Integrated test FSW-I —flotation, sieving, and attririon scrub
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FROM
FIGURE 3-12
SHEET 1

200.0 g

816 ml
DILUTE
HNO3
pH 1.7

RINSE
WATER

1, 
STIR WASH

C424) 90 MIN. 70*C
270

816 ml
6% H202

1 M ACETIC ACID
200 pgCs (As Cs14031) RINSE
200 pgCo (As Co(N103)2) WATER

204.0 g

1163
k 98

201.8 g

( 1233016 )

K-e06o6Hl-11)
9-10-92

STIR WASH

90 MIN. RT

816 ml
3% THIOUREA RINSE
H2SO4 to 1.5 pH WATER

1
STIR WASH

90 MIN. 40.0

SIEVE

+100

FDEY

202.4 g

(1310 )
146

-ioo

FILTER
AND DRY

 •1 SIEVE

+100 i -100

I DRY
FILTER
AND DRY

203.1 g 1.49 g I

ilao (216o )
62.9 / 269

-• SIEVE

1250 ml

[ ]

1200 ml

lir+100 -100 

FILTER 
7500 ml

DRY AND DRY

200.5 g 3.4 g

1110 
k 44.8 / 

\ 
k 60.8 
(Iwo 

/ 

r 
2172
45 I

L

Fig. 3-12. (Sheet 2) Integrated test FSW-1 — stir washing
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-4 MESH SAMPLE

769.2 g

4e1 
\ 1440

WATER

ARMAC
3.94 ml

EMULSIFIED
MINERAL OIL

175 01
MIEIC -F65

55.2 pi

0.74 M NH4OH
293 ml

FLOTATION CELL
1100 RPM

• 30 MIN.

CONCENTRATE

TAILS

  +100 -100
DRY 111 SIEVE

649.53 g

( 2370 )
sea

118

RINSE
WATER

Tir

ATTRITION SCRUB
12 MIN. 1000 RPM

+100

DRY

572.5 g 1

1400 \
\ 165 /

TO S11R
WASH

SIEVE
-100

.1=1111111111P

FILTER
AND DRY

74 3 g

3130

( son 
[ 28.0 }

5,8
\ 29M

TO FIGURE 3-13
SHEET 2

(35,700
\10,500/

FILTER
AND DRY

5000 ml

[3.89

FILTER
AND DRY

3000 m1

25.2 g ir
[3.20

3.41

K-606(14)(1-11)
9-16-92

Fig. 3-13. (Sheet I) Integrated test FSW-2 — flotation, sieving, and artrition scrub
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FROM
FIGURE 3-13
SHEET I

754 ml
3% NH20I+HCI RINSE

1 M ACEDC ACID WATER

STIR WASH

so MIN. RT

535 ml RINSE
5 M HNO3 WATER

1

191.7 g

( 1000
185

STIR WASH

SIEVE

+100

11

DRY

190.5 g

(1240 )
132

913 MIN. 70°C

835 ml
ETHYL ALCOHOL

200 p.g Cs (As CsNO3) RINSE
200µ9 Co (As Co(NOth WATER

190.7 g  ( 
188

K-608(17)(1-11)
9-16-92

-100

FILTER
AND DRY

(1 27: )

2000 ml

SIEVE

DIY )
FILTER
AND DRY

3000 MI

188.2 9 1.8 g

( 21.8 ) ( 200 )

H°1 

STIR WASH

90 MIN. RT +100

DRY

SIEVE

-100

FILTER
AND DRY

18t3 g 2.4 g

(1720 )
X 149 / 412

Fig. 3-13. (Sheet 2) Integrated rest FSW-2 — stir washing

ism ml
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Table 3-8
Integrated Flotation Test Summary

Deconbuninaron Factoe)(31

(% Contaminant Reduction)(31
Fractional Fines Isolated

S ep C u mulative

Process

Step

Cumulative)

Process Step CS-137 Co-60 Cs-137 Co-60 Test
Starting
Sample

Test FSW-1

Flotation 1.30 (23.1) 1.30 (23.1) 1.30 (23.1) 1.30 (23 1) 0.040 0.040 0.019

Sieving 1.75 (42.9) 2.31 (56.7) 2.27 (55.9) 2.99 (66.6) 0.107 0.143 0.067

H202 Attrition
Scrub

1.63 (38.7) 2.68 (62.7) 3.39 (70.5) 7.16 (86.0) 0.0875 0.218 0.103

Stir Washesol

Dilute HNO3 1.09 (8.3) 1.85 (45.9) 3.68 (72.8) 13.2 (92.4) 0.008 0.224 0.105

Acetic Acid
+H10216'

1.02 (2.0) 1.56 (35.9) 3.46 (71.1) 11.2 (91.1) 0.007 0.223 0.105

Thiourea 1.24 (19.4) 4.87 (79.5) 4.21 (76.2) 35 (97.1) 0.017 0.231 0.109

Test FSW-2

Flotation 1.21 (17.4) 1.20 (16.7) 1.21 (17.4) 1.20 (16.7) 0.034 0.034 0.016

Sieving 1.95 (48.7) 2.48 (59.7) 2.35 (57.4) 2.98 (66.4) 0.104 0.132 0.062

NH4OH
Attrition Scrub

1.69 (40.8) 3.42 (70.8) 3.44 (70.9) 8.73 (88.5) 0.114 0.229 0.108

Stir Washes° •

NHOH •
HC1 +
Acetic Acid

1.13 (11.5) 1.25 (20.0) 3.88 (74.2) 10.9 (90.8) 0.007 0.234 0.110

5M HNO0 3.00 (66.7) 7.57 (86.8) 10.3 (90.3) 66 (98.5) 0.008 0.235 0.110

Ethyl
Aleohori

1.05 (4.8) 1.11 (9.9) 3.62 (72.4) 9.66 (89.6) 0.013 0.238 0.112

1/5/

rn

Flotation DF is feed concentration divided by calculated tails •olids concentration

To achieve a Cs-137 level of 690 pCi/g, a Cs-137 DF of 6.58 is nccded for Test FSW-I and 6.97 for Test FSW-2
(1-1/DF) x 100
Cumulative values are based on one of the listed stir washes coupled with the flotation, sieving, and attrition scrub
steps
Based on feed to the flotation stop -- on the original starting sample basis, the values arc a factor of 2.1 lower
Wash solutions contained CsNO7 and Co(N002. Cs = Co = 1 kg/ton
DFs based on feed concentration divided by total product solids (+100 mesh and -100 mesh) are Cs-t37 = 3.00,
Co-60 = 7.11, Cs-137 (Cum) = 10.3, and Co-60 (Cum) = 62
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than those expected from the Table 3-1B characterization results. This suggests some attrition

of the feed during flotation and/or sieving.

For attrition scrubbing, test FSW-1 used 30% hydrogen peroxide and test FSW-2 0.74

M ammonium hydroxide. The ammonium hydroxide yielded slightly better contaminant

reduction, but generated more fines. Following attrition scrubbing, the +100 mesh products

had residual Cs-137 concentrations twice the goal residual concentration of 690 pCi/g. Both of

the attrition scrub products were split into three portions, with each portion stir washed with

different reagents. In stir washing, the sedirnents were gently swirled by a mixer to just suspend

the particles so as to minimize the formation of additional fines. Contamination removal was

achieved principally by solubilizing the contaminants. Only 5 M nitric acid at 70°C reduced the

Cs-137 concentration in the solid product to a concentration below the goal residual value of 690

pCi/g. This concentration could be achieved, even without a post-wash sieving step.

In two stir washes, cesium and cobalt nitrates were added for isotopic dilution of the

radioactive species. Neither of these washes achieved significant contaminant reduction.

It should be noted that the Cs-137 and Co-60 material balances showed recoveries as

much as 17% different from that contained in the feed. Contaminant removal factors based on

a comparison to the total Cs-137 or Co-60 recovered could differ somewhat from those listed

above. These differences, however, would not alter the conclusion concerning the effectiveness

of the 5 M nitric acid stir wash.

3.2.6 Sieving Only Test with Pyrolysis

One integrated test (SPSW-1) was made using the major process sequence of sieving,

pyrolysis, attrition scrubbing, and stir washing. Feed for the test was from the same source as

that usedfor the integrated flotation tests. Sievings were made with 140 mesh screen (compared

to 100 mesh for the integrated flotation tests) to reduce the quantity of fines requiring disposal

as low-level waste. Figure 3-14 presents the test conditions and the measurements obtained.

Table 3-9 contains a summary of the test results.
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0.5 14 IVH4OH
400116

L°11
 

ATTRITION SCRUB
12 MIN.  1000 RPM

-4 MESH
SAMPLE

784.3 g I

( DRy 100°C
  OVERNIGHT

752.5 g

SPUT

149.9 g 150.0 g

5030 5230
( 1520 ) ( 1670 )

V

149.2 g

( 4 1:10 )

150.6 g

4970
1490

152.2 g

4910
1520

751.9 g

sax
1542 /

+140

DRY

892.9 g

( 13 )

688.8 g

WATER

WET
SIEVE

-140

RESERVED
1..„6. FOR Cr

r ANALYSLS

y 674.0 g

PYROLYZE 350°C
1 HR

RINSE
WATER

DRY

V
+140

625.1 g

( 
211 
)

TO FIGURE 3-14
SHEET 2

K-605(1150-11)
9-16-92

SIEVE

V 

FILTER 5300 ml

AND DRY "m"""ir

=1

FILTER
AND DRY

41.8 g

(.1t230)

V

5500 ml

[7.0a

Fig. 3-14. (Sheet I) Integrated test SPSW-1 — sieving, pyrolysis, and attrition scrub
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FROM
FIGURE 3-14
SHEET 1

3% THIOUREA
200 pg Co, 200 sg Cs RINSE

750 mi WATER

300.2 g
(16 )

211
SIIR WASH SIEVE

70°C 3 HRS +140

DRY
L -140 tir

FILTER
AND DRY .......ir

g297.3 g 2.4

isso( 1
k 196 /

(13,100 \
k 2170 /

I
[ 19.0

0.49

M HNO3
0.006 M HF

200 pm Co, 200 sg Cs RINSE
760 ml WATER

300.0 g

( 717 )  
STIR WASH

70°C 3 HRS

SIEVE

+140 -140 1

FILTER
AND DRYDRY

289.8 g 3.6g

K-606(19)(1-11) ( 14.48.9 ) ( 3114 )

I

186

9-16-92

Fig. 3-14. (Sheet 2) Inregrated test SPSW-I — stir washing
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Table 3-9
Sieve - Pyrolyze - Attrition Scrub - Stir Wash Summary

Test SPSW-1

Decontamination Factor112)
(% Contaminant Reduction)0'

Fractional Fines Isolated

Step Cumulative Process Cumulative'

Process Step Cs-137 Co-60 Cs-137 Co-60 Step Test
Starting
Sample

Sieving 1.38
(27.3)

1.35
(26.1)

1.38
(27.3)

1.35
(26.1)

0.074 0.074 0.035

NH4OH Attrition
Scrub

2.07
(53.6)

5.27
(81.0)

2.96
(66.2)

7.31
(86.3)

0.063 0.130 0.061

Stir Washee'

3% Thiouree 1.07
(6.5)

1.08
(7.1)

3.16
(68.4)

7.87
(87.3)

0.008 0.136 0.064

5 M HNOrmn 3.63
(72.4)

11.2
(91.0)

10.70
(90.7)

82
(98.8)

0.012 0.139 0.065

I)

2)

3)

Feed concentration divided by +140 mesh product concentration

To achieve a Cs-I37 level of 690 pCil,g, a Cs-I37 DF of 7,25 is needed
(Feed concentration - product concentration) x 100

feed concentration
Cumulative values are based on one of the listed stir washes coupled with the sieving and attrition scrub steps
Based on feed to the sieving step -- on the original starting sarnple basis, the values are a factor of 2.1 lower
Wash solutions contained CsNO3 and Co(NO3)2 -- Cs = Co = 0.7 kg/ton
Also contained 0.006 M HF •
DFs based on feed concentration divided by total product solids (+140 mesh and -140 mesh) concentrations
are Cs-137 = 3.34, Co-60 = 10.7, Cs-137 (Cum) = 9.9, and Co-60 (Cum) = 75

Overnight drying of the sarnple at 100°C resulted in a weight loss of 4.05%. A similar

weight loss occurred in drying another -4 mesh sarnple split (Fig. 3-2) overnight at 60°C. This

indicates that 60°C is an adequate temperature for drying the sediments to a constant moisture

level. The dried sarnple was divided into five parts with a splitter and each part analyzed for

Cs-137 and Co-60. The results indicate an uncertainty in sampling and analysis of about 3%

for Cs-137 and 5% for Co-60.

Based on the initial sediment sample characterization (Table 3-1B), sieving at 140 mesh

is expected to yield a -140 rnesh fraction 5.56 wt% of the sieve feed. In the integrated test, the

comparable -140 mesh fraction was 7.4 wt%. The sieving Cs-137 and Co-60 decontamination

3-36 NRT 10.6



910521-N/C

factors based on feed and +140 mesh fraction concentrations were 1.38 and 1.35, respectively.

These DFs are slightly lower than those anticipated from the sample characterization (Table

3-1-B). Feed sample differences and/or sieving and sampling reproducibility may account for

the apparent discrepancies.

The dried +140 mesh fraction frorn the sieving steps was heated to 350°C and held for

one hour to pyrolyze the organic material present. The sediments darken significantly during

the pyrolysis. A 1.1 wt% loss occurred but, upon standing for a day, 0.39% of the lost weight

was regained, presurnably by rnoisture adsorption. Radiochemical analysis indicates some Cs-

137 and Co-60 may have been lost during pyrolysis, but the apparent loss is within

sampling/analytical error.

Attrition scrubbing/sieving of the pyrolyzed sedirnents with ammonium hydroxide yielded

higher Cs-137 and Co-60 removal factors than those following flotation/sieving test FSW-2.

However, the cumulative removal factors through attrition scrubbing were somewhat higher for

the flotation/sieving/attrition scrubbing approach.

The attrition scrub +140 rnesh product was divided into two parts and each part was

subjected to a different stir wash. Three-hour stir washes were used instead of the 90-minute

stir washes used with the flotation/sieve/attrition scrub +100 mesh products. Little contaminant

removal was obtained with the 3% thiourea stir wash. In addition to time, this stir wash differed

in two other aspects from the earlier thiourea stir wash: Isotopic dilution of the Cs and Co was

used and the pH was not adjusted to 1.5 by sulfuric acid addition. The results indicate that

isotopic dilution is of little, if any, benefit and acidification of the solution is important. It is

also possible that the pyrolysis step had a detrimental effect on the thiourea stir wash.

As with the flotation/sieve/attrition scrub pretreatment, stir washing with 5 M nitric acid

yielded products with acceptably low residual Cs-137 concentradons. After sieving, the larger

fractions from tests FSW-2 and SPSW-1 had identical Cs-137 concentrations and nearly the same

Co-60 concentrations. In both stir washes, the smaller fractions had low enough weight fractions

that post-wash sieving was not needed to attain the goal residual Cs-137 concentration of 690

pCi/g. In both 5 M nitric acid stir washes, most of the Cs-137 and Co-60 present in the feed
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was dissolved. In test SPSW-1, the 5 M nitric acid solution also contained low concentrations

of Cs, Co, and I-1F. The effect of these additions is uncertain.

In comparing tests FSW-2 and SPSW-1 (with 5 M nitric acid), the overall contaminant

reduction factors were similar. Test SPSW-1 attrition scrubbing and stir wash contaminant

reduction factors were higher. It was not clear whether the higher reduction factors were due

to including of the pyrolysis step, or to the higher starting Cs-137 and Co-60 concentrations

from the lower pre-attrition scrub DFs. Test SPSW-1 yielded a significantly lower quantity of

fines than test FSW-2 by almost a factor of two. Sieving at 140 mesh rather than 100 mesh

undoubtedly was a major factor in the reduced tines yield.

Material balances for Cs-137 and Co-60 around the various test SPSW-1 process steps

had recoveries as much as 6% different frorn the feed content. Contaminant reduction factors

based on a comparison to the recovered values could differ somewhat frorn those listed above.

These differences would not alter the conclusions concerning test SPSW-1.

Table 3-10 contains the details of selected attrition scrub and stir wash tests performed

with Sample 1 sediments.
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TABLE 3-10
SAIMILE 1 ATTRMON SCRIM AND UM WASH TESTS

Test No. Slagle Frsegon
Att4Moo Scrub

Reagent Stags
Refloat
Strength

Scrub
Solution

OM

Row*
Temp

Conked
Time
IMO

Pis1p01
Minsky
(%)

Fest
Treatment
Sieving

lash Size Fines

pCI Cs -nng %124
Roductiso
In CS -l3T

pCi Co-Sag x
Reduction
kt Co-60inlgel Fleet Mattel Final(*C)

12.29.40 mnit Sodium hydra@ t 0.1 M NaCM Basic 20 15 620 325 596 3.190 1.460 54.2 972 241 75.2

-4 1141. Wydrogon pomade 1 30% Pk% 15-30 15 70.0 325 5.59 2.200 1.340 39.1 5211 215 591mesh tad w nasal

Reim. Sena eit Hydrogen pomade 2 Xi% H.02 15-25 15 70 0 32S 7.01 1.340 1070 201 215 158 27 4residue w netS41

FEW- 1 + 100 lot lod Hydrogen penvide 1 30% )42133 -• neutral 14-304 12 70.0 100 8.75 2.190 LW 38.6 SOO 190 62.7

FWS-2 + MO Sot. tad Armorial. hydnwid4 1 0.71 M M4.011 10.8 20-25 12 6119 100 1 1 44 2.370 1.400 40.9 565 165 70.8

SPSW- 1 +140 sawn midpoint Ammonium atoll@ 0.5 M14144014 10.5 20-25 12 62.6 140 6.25 3.505 1.890 51 a 1.112 211 810

Slimed Wash Reagent

Pnim +325. 2nd HA Propriotery BM@ 1 0.91 Vol % 4141385 mv 1.6 20 • 100 50.0 325 043 1.070 900 15.1 156 97.3 371

FSW-1 +10014202 Mule nWie 1 OS M 19403 1.7 70 90 20.2 100 0.83 1.424 1.310 • 6.0 270 146 45.9

FWS -1 +140 HA Acolk sad/hydrogen
parodoWlsobpio dialon

1 1 MI4C314302

VA He%

21 19.2 90 20.0 100 0.69 1.183 1.140 2.0 98 62.9 35.8

F5W-1 +1001+202 Thiamin RAO. 1 3% 0•40, CS 1.6 40 90 19.8 100 1.69 1.38) 1.110 19.6 218 44.8 79.5+

FSW-2 +100 1411.011 HYM41119144441
HydrochlorkleMeolle sad

1 3%14141011 Ha
1 MI/C2413014

2.6 104 90 20.0 100 0.6B 1.400 1240 11.4 165 132 20.0

FSW-2 4100 t4H4011 EOM alcotiolaholopla
@Son

1 M:chol r 1 kg
Cs. Co/1

-- 19 90 23.1 100 1 3 1.400 1.330 50 165 149 9 7

FSW-2 + 100 141440H MIS acid 1 5 g HMOs Low 70 90 23.2 WO 0.78 1.400 466 68.7 165 218 86.8

WSW- 1 +MO MACH + pyrolysis NW% aeld/toMmitiodel
teatepie Illueon

1 5 IA 144103/
0.006 M1*

Low 70 180 213.6 140 1.20 1.690 468 72.4 211 18.9 910

SPSW - 1 +140 111.0H + pyrolysis Thiowalholopo 1 3%11-0442 CS -- 70 030 28.8 140 0.80 1.690 1.580 8.5 21t 196 11Mullen

II  Feed *Mott it 100 
leed weight + solution weigM S.G = 1

121/Initial canceMation - final conamtrationl X OQ
iNtlalconcenbalion

D
/
N
-I
Z
S
O
I
6
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3.3 SECOND SAMPLE TESTS

After remediation testing of the first sarnple, additional sarnples were received for

confirmatory testing of the rernediation procedures developed with the tirst sample. The

additional sarnples were from four different locations within the WWP. The samples were

shipped in eight Type A DOT 7A containers with the following identifications:

Container Nurnber Location Location Number

1 Cell 52 Corner 1 1

2 Cell 52 Center 3

3 Cell 52 Center 3

4 Cell 52 Corner 2 2

5 Cell 52 Corner 1 1

6 Cell 52 Corner 2 2

7 Cell 57 Corner 4

8 Cell 57 Corner 4

Reference 5 contains a copy of the sample documentation. Sample location numbers are

shown in Fig. 1-1 and in Reference 5.

Initially containers I and 5 which held sediments from Cell 52 Corner 1 were selected

for further testing because these containers had the highest external radiation level. An

inspection revealed that this sarnple had a very high organic content (partially decayed and dried

vegetation) and a very low gravel content. This material differed too radically frorn the first

sample to be considered for contirmatory tests of procedures developed on the basis of the first

sample cornposition. Containers 2 and 3, the samples from the center of Cell 52, were then

selected because they most closely resembled the first sample in appearance. Verbal reports

from NRT/ASI observers indicate that all eight samples in the four batches were taken with a

cornrnon garden trowel, which would preclude their being collected at a depth of greater than

approximately 4-6 inches deep. It is felt that Sample 2 is not representative of the soil data

presented in Reference 1, but is likely representative of surface sediments.
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3.3.1 Sample Characterization

The contents of the two containers with the sediment sarnple from the center of Cell 52

were blended dry and screened into + I inch, +1/2 inch, +1/4 inch, +4 mesh, and -4 mesh

fractions. The screening was necessary to divide the larger size fractions proportionately arnong

the various sample splits. Figure 3-15 illustrates the splits rnade.

The sample was dry, raising dust during its handling. To minimize the loss of tine

material and the spread of contamination, the characterization split was contacted with water in

a rock polishing tumbler before wet sieving into the several mesh fractions. The fractions were

then dried and analyzed as shown in Figure 3-16A, Sheet 1. Upon removal of the sarnple and

water mix from the turnbler, some dried vegetation and rabbit dropping floated to the top,

indicating a near surface origin as well as a relatively high organic content. Dried portions of

the several --4 mesh fractions were then heated in a 400°C furnace overnight to determine

weight loss on ignition, which would provide an estimate of their organic content. Figure 3-

16A, Sheet 2 shows the measured weight losses. Several samples experienced weight losses in

excess of 20%, indicating a high organic content.

Ignition changed the second WWP sample color frorn dark brown and black to a sandy

color. By contrast, the pyrolysis step in test SPSW-1 with the first WWP sample changed its

color frorn sandy tan to dark brown and black.

Tables 3-11A and 3-11B surnrnarize the characterization results. Cs-137 and Co-60

concentrations in the second sample are very much higher (more than 20 fold) than in the first

sample, and more than 10 times the WWP averages (Ref. 1.) The higher organic content would

appear to account for the higher radionuclide content. Table 3-11C contains a comparison of

the two samples. In the first sample, the Cs-137 and Co-60 concentrations increased with

decreasing particle size but, in the second sample, all fractions below 12 mesh had high

concentrations with no significant trend. Both samples had comparable weight distributions of

the +4 mesh fractions, but the second sample has significantly higher percentages of the fine

mesh (-140 mesh) fractions. The organic content of the second sample is a factor of 10 higher

than the first sample (8.6 weight % versus 0.75%).
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CONTAINER 2 moir r CONTAINER 3
BLEND

DRY
SCREEN

+i IN.
3236.9 g

ARCHIVE

811.0 g

CHARACTERIZATION

610.1 g

TEST 1

605.5 g

TEST 2

SOILS g

RESERVE

+1/2 IN.
2554.9 g

ARCHIVE

713.8 g
 fr

CHARACTERIZATION

537.4 g

TESTI

535.6 g

TEST 2

538.0 g

RESERVE

596.1 g 532.6 g

K-606(20)0-11)
8-24-92

+3/8 IN.
778.3 g

ARCHIVE

193.8 g
 fr

CHARACTERMATION

145.9 g

TEST 1

146.9 g

TEST 2

146.1 g

RESERVE

17.4 g

127.1 g

( 2730 )
214

V

RINSE

DRY

+4 MESH
1322.1 g

ARCHIVE

330.5 g
 fr

CHARACTERIZATION

 P
247.8 g

TEST 1

247.8 g

TEST 2

247.7

RESERVE

99.5 g

125.8 g 121.0 g

2230 ) (6760 ) H2°
119 

V
5010

600 MI 1400 MI

[ 90..71 
[ 37..4050

V

DRY Fin

RINSE

DRY

Aka-

1 0.69 g 11.0 g

(516701
1,300 

ir 

(11,701
7,100

Fig. 3-15. Second sample split

-4 MESH
5409.11 g

ARCHIVE

1622.6 g
 fr

CHARACTERIZATION

1216.11 g

TEST 1

1218.11 g

TEST 2

1217.1 g

RESERVE

108.5 g

( 2420 )
150

1239.2 g
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FROM SAMPLE SPLIT

+1 IN. +1/2 IN. +318 IN. +4 MESH —4 MESH

11I1 1601.1 g 537.4 g 145.9 g 247.8 g 12164 g

TUMBLE WASH SO MIN.

WATER

 14.711000 ml

WET SIEVE
FILTER
AND DRY

—325 MESH ir

432.2 g

(124,501
40,600

22 ml0

[72.6
17.0

+1 IN. +1/2IN. +3/6 IN. +4 MESH +12 MESH +25 MESH

651.0 g 483.3 g

( 47979 ) (1625
73.0 
)

.2 

159.0 g

(2170
108

213.9 g

( 3160
153

124.2 g 100.4 g

( 8030 117,000
k 9070 

\ 
/ 
( 
k 67,200 

\ 
/

+40 MESH +60 MESH +100 MESH +140 MESH +KM MESH +325 MESH

DRY

85.9 g 115.3 g

(1 8843301 tiss,00cA
89,200 / k 94,800 /

K-606(21)(I-11)
8-24-92

101.8 g 45.7 g

(139,000) (138,000 \
82,300 k 89,300 /

55.5 g

(115,000\
70,200

Fig. 3-I6A. (Sheer I) Second sample characterization sample sieving
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+12 MESH +25 MESH +40 MESH +80 MESH +100 MESH +140 MESH

ir io.iiii g10.0280 g lo.caso g 10.0148 g 10.0148 g 10.1147 g

FURNACE 400.0 OVERNIGHT

17.7319 g

+200 MESH

K-605(22)(1-11)
8-24-92

+325 MESH

15.0905 g 17.6829 g

-325 MESH

Fig. 3-16A. (Sheet 2) Second sample characterization — sample ignition

17.9599 g
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Table 3-11A

Second Sample Characterization Results - Large to Small

Retained

Fraction

Weight, g Analysis, pCi/g

Cumulative Average

Concentration, pCi/g Cumulative Percentages Percene"

Weight Loss

on IgnitionFraction Cumulative Cs-137 Co-60 Cs-137 Co-60 Weight Cs-137 Co-60

1 inch 651.0 651.0 979 47.2 979 47.2 24.00 0.45 0.05

1/2 inch 483.3 1134.3 1,625 73.0 1,255 58.2 41.83 1.01 0.10

Vs inch 159.0 1293.3 2,170 108 1,370 64.3 47.69 1.25 0.12

4 mesh 213.9 1507.2 3,160 153 1,620 76.9 55.58 1.73 0.17

12 mesh 124.2 1631.4 8,030 9,070 2,110 761 60.15 2.44 1.86 2.40

25 mesh 100.4 1731.8 117,000 67,200 8,770 4,610 63.86 10.76 11.97 22.97

40 mesh 85.9 1817.7 166,000 89,200 16,200 8,610 67.02 20.86 23.45 18.28

60 mesh 115.3 1933.0 155,000 94,800 24,500 13,750 71.28 33.52 39.83 19.21

100 mesh 101.8 2034.8 139,000 82,300 30,200 17,200 75.03 43.55 52.39 24.24

140 mesh 45.7 2080.5 136,000 89,300 32,500 18,800 76.71 47.96 58.50 21.28

200 mesh 85.5 2166.0 115,000 70,200 35,800 20,800 79.87 54.92 67.49 21.62

325 mesh 113.8 2279.8 86,300 36,400 38,300 21,600 84.06 61.88 73.70 12.87

-325 mesh 432.2 2712.0 174,500 40,600 52,000 24,600 100.00 100.00 100.00 17.09

111 At 400°C ovemidit

121 The weighted ignition losses are 17% for the -4 mesh portion and > 7.57% for the entire sample

The conesponding ignition losses for the first sample are 1.59% and 0.75%
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Table 3-11B
Second Sample Characterization Results - Small to Large

Cumulative Percentages

Retained

Fraction

Weight, g

Cumulative Average

Concentration,

pCi/g

Entire Sample -4 Mesh

Fraction Cumulative Cs-137 Co-60 Weight Cs-137 Co-60 Weight Cs-137 Co-60

-325 mesh 432.2 432.2 124,500 40,600 15.94 124,500 40,600 35.87 38.80 26.34

325 mesh 113.8 546.0 116,500 39,700 20.13 116,500 39,700 45.32 45.88 32.56

200 mesh 85.5 631.5 116,300 43,800 23.29 116,300 43,800 52.42 52.96 41.56

140 mesh 45.7 677.2 177,700 46.900 24.97 117,700 46,900 56.21 57.45 47.70

100 mesh 101.8 779.0 120,400 51,500 28.72 120,400 51,500 64.66 67.65 60.27

60 mesh 115.3 894.3 124,900 57,100 32.98 124,900 57,100 74.23 80.53 76.67

40 mesh 85.9 980.2 128,500 59,900 36.14 128,500 59,900 81.36 90.84 88.18

25 rnesh 100.4 1080.6 127,400 60,600 39.85 127,400 60,600 89.69 99.28 98.30

12 mesh 124.2 1204.8 115,100 55,300 44.42 115,100 55,300 100.00 100.00 100.00

4 mesh 213.9 1418.7 98,200 47,000 52.31 98,200 47,000

3/3 inch 159.0 1577.7 88,600 42,300 58.17 88,600 42,300

1/2 inch 483.3 2061.0 68,200 32,400 76.00 68,200 32,400

1 inch 651.0 2712.0 57 000_, 24,600 100.00 52,000 24,600
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Table 3-11C

Comparison of First and Second Sediment Samples

Fraction

Weight Cs-137 Co-60

Percent pCi/g pCi/g

Sample

1

Sample 2 Sample 2 Sampie 1 Sample 2 Sample 2 Sample 1 Sample 2 Sample 2

Sample 1 Sample 1 Sample 1

1 inch 23.66 24.00 1.01 155 979 6.32 35 47.2 1.35

'A inch 13.58 17.82 1.31 504 1,625 3,72 112 73.0 0.65

3/8 inch 5.17 5.86 1.13 712 2,170 3.05 146 108 0.74

4 mesh 10.46 7.89 0.75 897 3,160 3.52 l9l 153 0.80

12 mesh 8.49 4.58 0.54 1,150 8,030 6.98 218 9,070 41.6

25 mesh 7.82 3.70 0.47 3,020 117,000 38.7 887 67,200 75.8

40 mesh 13.85 3.17 0.23 4,070 166,000 40.8 1,290 89,200 69.1

60 mesh 9.49 4.25 0.45 3,710 155,000 41.8 1,030 94,800 92.0

100 mesh 3.72 3.75 1.01 5,480 139,000 25.4 1,800 82,300 45.7

140 mesh 0.99 1.69 1.71 10,200 136,000 13.3 4,140 89,300 21.6

200 mesh 0.44 3.15 7.16 15,300 115,000 7.52 5,680 70,200 12.4

325 mesh 0.55 4.20 7.64 20,000 86,300 4.32 6,270 36,400 5.81

-325 mesh 1.63 15.94 9.78 30,800 124,500 4.04 7,740 40,600 5.25

Averattes

2,470 52,000 21.0 710 24,600 34.6Entire Sample

-4 mesh portion 47.05 44.42 0.94 4,750 115,100 24.2 1,400 55,300 39.5
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Figure 3-16B graphically cornpares the particle size distributions of Samples 1 and 2 with

the bounding and average (calculated) values contained in Reference 1. Sarnple 1 particle size

distribution was close to the WWP average, but Sample 2 appeared to have a higher weight

percent of fines than any of the Reference 1 characterization samples. This difference, however,

may be due to the size measurement rnethodology. The Reference 1 measurements were

apparently made by dry screening down to 200 rnesh whereas Sarnple 1 and Sample 2 were wet

screened down to 325 mesh. Wet screening appeared to break down agglomerates into finer

particles with the attendance apparent increase in the fine fractions. Organic rnatter was likely

an agglomerate binding agent. High organic content sarnples, such as Sample 2, would then

have greater particle distribution disparities between wet and dry screening measurement

methods.

Portions of the dry screened +3/3 inch and +4 mesh fractions were water washed, with

Cs-137 and Co-60 measurements performed before and after washing (Fig. 3-15). Table 3-12

contains the results of the material removed by washing. More rnaterial, including

radionuclides, was rernoved from the smaller size fraction, probably due to its higher surface

area holding more fines. Comparable washings were not done with the +1 inch and + 1/2 inch

fractions because they had to be pulverized so their radionuclide content could be measured in

the available spectrometer.

( I )

(2)

Table 3-12
Water Wash of +3/a inch and +4 mesh Fractions

Decontamination Factot") (% Contaminant Reduction)t3)

Fraction Cs-137 Co-60 Weight Fraction Fines

+Ws inch 1.22 (18.3) 1.80 (44.4) 0.005

+4 rnesh 2.79 (64.2) 33.4 (97.0) 0.091

Concentration hero e washing

Concentration alter washing

(Concentration before washing - concentration after washing) x 100

Concentration after washing

3-48 NRT 10.6
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3.3.2 Integrated Sieving Only Test (Test S2-1)

Test S2-1 was similar to Test SPSW-1 except that the pyrolysis step between the initial

sieving and the attrition scrub was eliminated and the stir wash steps were slightly altered.

Based on the sample characterization, the large mesh fractions (+4 mesh and above) also

contained sufficient radioactive contamination to require treatment. Figure 3-17 (Sheets 1 and

2) contains the test conditions and the analytical results.

Large Mesh Fraction Treatment. The large mesh fractions (+1 inch, +1/2 inch, +3/a

inch, and +4 mesh) received a two-stage treatment. First the fractions were soaked for three

hours in 70°C 0.75 M ammonium hydroxide. This was followed by a 90-minute roll wash in

5 M nitric acid containing 0.01 M hydrotluoric acid. The roll washer consisted of a plastic

bottle rolled horizontally on the rock tumbler drive. Because of the plastic bottles smooth

interior, the rocks did not tumble. Table 3-13 summarizes the test results.

Neither treatment was effective in removing contaminants frorn the various fractions to

acceptable values. Portions of the treated fractions still retained a partial coating of non-mineral

(organic) material. It is likely the residual radioactivity is associated with this coating. Perhaps

alternate treatment methods, such as vigorous tumbling and/or strong oxidation, would be more

effective in removing this coating. Further investigation was outside the scope of this testing

program.

Small Mesh Fraction Treatment. In the primary sieving steps for test S2-1, a split was

made at 140 mesh similar to that used in the first sample sieving treatment (Test SPSW-1).

With the second sample, more than half of the -4 mesh portion reported to the -140 rnesh

fraction. The Cs-137 and Co-60 split fairly evenly between the -140 mesh and +140 mesh

fractions. The -140 mesh fraction was slightly enriched in Cs-137, while the +140 rnesh

fraction was enriched in Co-60. Table 3-14 compares the primary sieving operation perforrned

on the two samples.

3-50 NRT 10.6
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FROM SAMPtE SPUT

+1 NI. +1/2 St +MI IN. +4 MESH -4 MESH

mu g an g NHS g WA gI I 1 I1211.4 g
WATER .

TUMBLE WASH SO MIN

WITMER

+

DRY

0.7$
SHAH
SOO W

IOU g

"421.7

SOAK

3 HRS

700 ml

DRY

s HRH%
0.01 Y MP
APPROX

ed

MOS

350

r IMOO
Loses

4011 g

( 1;77

MU. WASH

/I.IK

0.7SM
NINON

MILO g

( Loam )

SOAK

TO'C 3 /MS

700 ml

HNO3
0.01
AMOK
WORI

70•C IA NMI •

1611

[ ;nA 

DWI

g

( )

[1"ean

Seas g

(1300Kle )

ROLL WASH

7e•C tAHM

a

3/S

ORT

LIS
mittots
1100

144.1 g

ri4.7

SOW

7111,C 3 WM

OIIY

S HI101
0.01 YHI
APPROX
MqIM

[ mu;

+4 MESH

DRY

0.7S
NWOH
W01111

2113 g

( 2;31

SOAK

70.0 3 HRS

MO nil

0111

tan OYNIp,J
jam ) EL HP

APPROXk tea
MO rs1

H20 H20
ROM WASH

2000 ml

OEN

701,C tA HMI

HMO na

[ [ [
USA g

Lute
\ 21.2 /

DRT

L 2.43 J

214.6 g

( 211: )

ROLL WHIN

70•C 1.2 MRS

1500 ne

[ ;re

MIT

2145 g

2400 )5.4

+ISO MESH -140 MESH

PILTlR
1.=;sos

g

(MUM .1
[\ 112,000 / 18711.27

RESERVED
.0. FOR Cr

ANALYSIS

'MU/

mos g

/1201.4001
• • \ mom /
5214 g

TO ATTRITION
SCRUB

(SHEET RI

Fig. 3-17. (Sheet I) Tesr S2-1 sieving und coarse fraction treatment

K-Meettall-t
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521.9 

0.5 1l MUM RINSE
(100,200 \ 222 ml WATER
k sumo /

giv

ATTRITION SCRUB

+140 MESH 10 MIN. 1000 RPM
(SHEET 1)

319.6 9

(364100
X25,500 )

RESERVED
FOR Cr ANALYSIS

200.0 g

H2SO4 TO HOLD 1.5 pH .1-
3% THIOUREA +
30 gg 200 MESH

ACTIVATED CHARCOAL RINSE
(11.22 9) WATER1974 41

STIR WASH

140.5 9 
eur c 3 HRS

432,6::34 

0.5 M HNO3
375 ml

140.5 g

( 44,200
33,000

K —806(28)(1-11)
9-15-02

RINSE
WATER

H20

+140

114.8 g

( 4700
607

20.3 g

C42.001
47,900

Fig. 3-17. (Sheet 2) Test S2-I atrrition scrub and stir washes

[ 23102

4500 ml

[ 22'24,2°1300 I
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(31

14)

is

(31

14)

Table 3-13

Test S2-1

Treatment of +4 Mesh Fractions

Treatment

NH4OH Soak(3)

NHO3 Roll Wash"'

Fraction

Decontarniwition Factorm
% Contaminant Reduction)")

S ep Cumulative

Cs-137 Co-60 Cs-137 Co-60

+1 inch 1.13 (11.5) 1.10 (9.2) 1.13 (11.5) 1.10 (9.2)

+1/2 inch 1.00151 (0) 1.10 (9.1) 1.00" (0) 1.10 (9.1)

+3/a inch 1.04 (4.0) .00" (0) 1.04 (4.0) 1.00(5' (0)

+4 rnesh 1.00' (0) 1.05 (4.8) 1.00' (0) 1.05 (4.8)

+1 inch 1.00' (0) 1.61 (38. 1) 1.00' (0) 1.78 (43.8)

+1/2 inch 1.14 (12.3) 1.71 (41.6) 1.10 (9.0) 1.88 (46.9)

+3/Ei inch 1.15 (12.9) 1.70 (41.1) 1.20 (16.4) 1.56 (35.9)

+4 mesh 1.23 (18.4) 1.81 (44.8) 1.21 (17.2) 1.90 (47.4)

Feed concentration divided by product concentration
(Feed concentration - product concentration) x 100

feed concentration
Static soak in 70°C 0.75 M NH4OH tbr 3 hours
Roll wash (no tumbling) in 70°C 5 M HNO3 + 0.01 M HF for 11/2 hours
Product sample had a higher value than feed -- a DF of 1.00 was assigned

Table 3-14

Comparison of First and Second Sample Sieving Operation

Sample

Decontamination Factor")

(% Contaminant Reduction)") Concentra ion Factor°)

Weight

Fraction

Cs-137 Co-60 Cs-137 Co-60 -140 Mesh°)

First 1.38 (27.3) 1.35 (26.1) 5.20 4.99 0.074

Second 1.14 (12.1) 0.86 (-) 1.11 0.86 0.534

Feed (-4 mesh portion) concentr ition divided by +140 mesh fraction concentration
(Feed concentration - product cc ncentration) x 100

feed concentration
Fines (-140 mesh fraction) concentration divided by -4 mesh portion concentration
Weight of -140 mesh fraction divided by feed weight

3-53 NRT 10.6
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In contrast to the second sample, the first sample had relatively higher radionuclide

concentrations in a relatively small weight fraction of fines. This permitted effective removal

of radionuclides by sieving out the tines. Since all of the -12 mesh fractions in the second

sample have high organic concentrations with high radionuclide content, a prescreening treatment

to destroy the organic material would likely enhance subsequent radionuclide removal by sieving

and/or dissolution.

Similar to Test SPSW-1 with sample 1, the +140 mesh fraction of sample 2 was attrition

scrubbed with 0.5 M ammonium hydroxide, then sieved at 140 mesh. The appearance of the

two attrition scrub products differed. In test SPSW-1, the product was a slurry, but in test S2-1,

the product looked similar to wet concrete. Table 3-15 compares the two attrition scrubs. Of

particular interest is the six-fold increase in the fines fraction produced by attrition scrubbing of

the second sample. The ten-fold higher organic content was the likely cause of the fines

increase. With the first sample, the Co-60 reduction factor was greater than that for Cs-137.

With the second sample, the reverse was observed. The reason for this difference is unknown.

Table 3-15
Comparison of First and Second Sample Attrition Scrubbing

With Ammonium Hydroxide

Sample

Decontamination Factorm
(% Contaminant Reduction)a) Concentration Factor(3)

Weight
Fraction

-140 MeseCs-137 Co-60 Cs-137 Co-60

First 2.07 (53.6) 5.27 (81.0) 8.05 12.05 0.063

Second 2.74 (63.5) 2.30 (56.6) 1.88 1.77 0.391

11

2)

13)

(4)

Feed concentration divided by 140 mesh frac ion concentration
(Feed concentration - product concentration) x 100

feed concentration
Fines (-140 mesh fraction) concentratam divided by the feed concentration
Weight of -140 mesh fraction divided by feed weight

The +140 mesh fraction from the attrition scrub/sieving step was divided into two portions

for separate stir wash treatments. One stir wash used a 3% thiourea solution acidified to pH 1.5

3-54 NRT 10.6
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with sulfuric acid similar to that used in test FSW-1. In test S2-1, activated charcoal was also

added to provide adsorption sites for radionuclides that may be solubilized but could be

reabsorbed by the sediments. A 5 M nitric acid solution was used in the other stir wash (similar

to test FSW-2 and SPSW-1).

Table 3-16 summarized the test results and presents a comparison with sirnilar stir washes

of the first sample. Although the stir wash of the second sample with the 5 M nitric acid yielded

high contaminant reduction factors, the product fraction fell well short of the goal Cs-137

concentration because of the high starting concentrations. The high fractional tines from the

second sample were likely related to its high initial organic content. Removal of the organic

material before the stir wash would reduce the fractioned tines and perhaps further irnprove the

contaminant reduction factors.

A comparison of tests S2-1 and FSW-I thiourea stir washes indicated that the addition of the

activated charcoal does not enhance contamination removal. In fact, the charcoal appeared to

degrade the perforrnance of the acidified thiourea. Acidification of the thiourea was of greater

benefit to sediment cleaning than isotopic dilution, and 5 M nitric acid was much more effective

than thiourea.

Table 3-17 summarizes the overall test S2-1 -4 mesh treatment results. The quantity of fines

requiring disposal is excessive and the treated portion is well above the goal residual

radionuclide concentrations. For these sediments, relatively high in organic material, an

alternative treatment method is needed, or a pretreatment step could be added to destroy the

organic material.

3-55 NRT 10.6
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Table 3-16
Test S2-1 Stir Washes and Comparison to First Sample Stir Washes

Test No. Stir Wash
Conditions

Decontamination Factor())
(% Contaminant Reduction)(3)

-

Product Cs-137(3)
Fines,
Weight

Fraction(4)Cs-137 Co-60 Goal Cs-137

5M HNO3 Sir Washes

S2-1 5M HNO3, 70°C,
3 hours

9.40
(89.4)

54.4
(98.2)

6.81 0.136

FSW-2 5M HNO3 70°C,
90 minutes

3.00
(66.7)

7,57
(86.8)

0.68 0.008

SPSW-1 5M HNO3,
0.006M HF, trace
Co(NO3)2 and
CsNO3, 70°C,

3 hours

3.63
(72.4)

11.2
(91.0)

0.68 0.012

3% Thiourea Stir Washes

S2-1 3% thiourea,
H2SO4 to pH 1.5,
30 g/I 200 mesh
activated charcoal,
40°C, 3 hours

1 .16
(13.5)

1.25
(20. I )

55 0.109°)

FSW-1 3% thiourea,
H2SO, to pH 1.5,
40°C, 3 hours

1.24
(19.4)

4.87
(79.5)

1.61 0.017

SPSW-1 3% thiourea, trace
Co(NO3) and
CsNO3, 70°C,
3 hours

1.07
(6.5)

1.08
(7.1)

2.29 0.008

it
2)

(3)

(4)

(3)

Feed concentration divided by )roduct sieve fraction (+ 140 or +100 mesh) concentration
(Feed concentration - nroduct concentration) x 100

feed concentration
Product sieve fraction Cs-I37 concentration divided by uoal Cs-137 concentration of 690 pCi/g
Smaller sieve fraction (-140 or -100 mesh) weight divided by stir wash feed weight
Includes added activated charcoal
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Table 3-17
Test S2-1 Overall Results

Stir Wash Method

Overall Decontamination Factor"33
(% Contaminant Reduction)m Weight Fraction

Fines(2)
Cs-137 Co-60

5M HNO3 24.3 (95.9) 88.0 (98.9) 0.755

3% Thiourea 3.02 (66.9) 2.06 (51.9) 0.750

(2)

(4)

Feed (-4 mesh) concentration divided by product concentration
Prorated fractional fines produced divided by -4 mesh fraction weight
To achieve the goal residual Cs-I37 concentration of 690 pCi/g, an overall Cs-137 DF of 165 would be
needed
(Feed concentration - product concentration) x 100

feed concentration

3.3.3 Integrated Flotation Test (Test S2-2)

The protocol for second sample flotation test S2-2 was based on the procedures used in

flotation tests FSW-1 and FSW-2 on the first sample. There were, however, some significant

differences. A split of the entire second sample was used as feed material for test S2-2, rather

that only -4 mesh portions used with the first sample flotation tests. After tumble washing, the

test S2-2 feed was sieved into + I inch, + 1/2 inch, +Ws inch, +4 mesh, and -4 mesh fractions,

with the -4 mesh fraction used as the flotation step feed. Figure 3-18 contains the process step

used and the analytical results.

Large Mesh Fraction Treatment. The large fractions had Cs-137 concentrations above the

goal concentration of less than 690 pCi/g (Ref. 2). Similar to test S2-1, the individual large

fractions were treated for radionuclide removal as shown in Figure 3-18. First the individual

fractions were soaked for three hours in 70°C 5 M nitric acid. Second, the fractions were roll

washed in a 2% MICRO° solution for 90 minutes. MICRO® is a commercial detergent used

for equipment decontamination in the Radiochemistry laboratory. Its Material Safety Data Sheet

is contained in Reference 5. Table 3-18 lists the treatment results.

Some contaminant removal was achieved with the 5 M nitric acid soak, but the MICRO® roll

wash did not achieve further removal. The treated fractions had a partial residual coating similar
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RINSE

WATER

RINSE

WATER

FROM SAMPLE SPUT

+1 IN. +112111. +3M IN. +4 MESM -4 MESH

1 6011.11 g i535.0 g I 145.1 g 1 1 247.7 g 1217.1 g

TUMBLE WASH 60 MIN

WATER

H."00011

1r WATER
WET SIEVE

-4 MESH

+1 IN.

DRY

LIMN%
APPROX
600 ml

571.6 g

(11801
L 50.1 /

SOAK

70°C 3 HRS

DECANT

DRY

2% MICRO
SOLUTION
APPROX
600 ml

H20

+1/2IN.

DRY

M, HNO3
APPROX
600 in1

5511.8 g

01
( 143 4 )

SOAK

70*C 3 HRS

DECANT

700 ml

RES r 296
L 23.6

DRY

565.3 g 2% MICRO

k 
ego ) SOLUTION

APPROX
20.0 

600 ml

ROU. WASH

70°C 1.5 HRS

H20

2500 ml

DRY

584.3 g

70 3. 9 )

[ 5.57
1.01

+3/8 IN.

DRY

5 M HNO3
APPROX
600 ml

155.0 g

2660
111)

SOAK

70'C

H20

700 ml

RES r 393
L 31.7

554.9 g

( 671 )

ROLL WASH

70•C 1.3 HRS

3 HRS

DECANT

DRY

2% MICRO
SOWTON
APPROX
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to that described in paragraph 3.3.2 for the comparable test S2-1 fractions.

Small Mesh Fraction Treatment. The test S2-2 flotation treatment of the -4 mesh fraction

differed in several respects from the tests FSW-1 and FSW-2 flotation treatments with the first

sample. In tests FSW-1 and FSW-2, the flotation tails were sieved at 100 rnesh before attrition

scrub, but in test S2-2, the sieving step was omitted. Fines generated by test FSW-1 and FSW-2

attrition scrubbing were removed by sieving, but test S2-2 used a second flotation step. The

same flotation reagents were used for all the integrated flotation tests. Figure 3-19 shows the

test S2-2 flotation and attrition scrub tests.

(1)

(4)

(5)

Table 3-18
Test S2-2

Treatment of +4 Mesh Fractions

Treatment Fraction

Decontamination Factor")
(% Contaminant Reduction)a)

Step Cumulative

Cs-137 Co-60 Cs-137 Co-60

HNC), soako) +1 inch 1.71 (41.5) 2.51 (60.1) 1.71 2.51

+ 1/2 inch 1.54 (35.0) 2.10 (52.3) 1.54 2.10

+We inch 1.95 (48.7) 2.39 (58.2) 1.95 2.39

+4 mesh 1.78 (43.9) 2.67 (62.5) 1.78 2.67

MICRO roll wash(4) +1 inch 1.00" (-) 1.12 (10.5) 1.68 2.80

+ 1/2 inch 1.00' (-) 1.00' (-) 1.38 2.09

+We inch 1.07 (6.6) 1.09 (8.6) 2.09 2.62

+4 mesh Lor (-) 1.17 (14.2) 1.68 3.11

Feed concentration divided by product concentration
(Feed concentration - product concentration) x 100

feed concentration
Static soak in 70°C 5M HNO3 for 3 hours
Roll wash (no tumbling) in 70°C 2% MICRO solution for 11/2 hours
Product sample had a higher value than feed -- a DF of 1.00 was assigned
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Primary flotation with Sample 2 took considerably longer to complete than with Sample

1. Flotation was considered complete when the froth no longer appeared to contain a significant

quantity of solids. Sample 2 flotation required 31/2 hours compared to 30 minutes for Sample

1 flotations and produced a much greater quantity of concentrate. Table 3-19 summarizes the

primary flotation results for the tests with both samples.

Table 3-19
Comparison of First and Second Sample Flotation Operations

Sample Test No.

Decontamination Factor')
(% Contaminant Reduction)4) Concentration Factor(' Weight

Fraction
Concentrate)Cs-137 Co-60 Cs-137 Co-60

First FSW-1 1.30 (23.1) 1.30 (23.1) 7.09 7.07 0.040

FSW-2 1.21 (17.4) 1.20 (16.7) 7.42 7.29 0.034

Second S2-2 1.80 (44.6) 1.63 (38.6) 1.66 1.61 0.528

Feed concentration divided by tails concentration
Concentrate concentration divided by feed concentration
Weight of concentrate divided by weight of feed
(Feed concentration - product concentration) x 100

feed concentration

Sample 2 flotation yielded better contamination reduction, but an excessive quantity of fines

(concentrate). With the high organic content second sarnple, more than half of the flotation feed

reported to the concentrate stream. The high quantity of concentrate is also retlected in the low

concentration factor attained with the second sample flotation. Compared to sieving (Table 3-

14), flotation achieved better contamination reduction with comparable fractional fines

production. The high organic material content would account for this difference. However,

both methods generated an excessive quantity of fines with the second sample, indicating that

a treatment step is needed to elirninate the organic material.

The test S2-2 attrition scrub step was similar to that used in test FSW-1, except that 15%

hydrogen peroxide was used instead of 30%; the scrub time was reduced from 12 rninutes to 10

minutes, and the attrition scrubbing generated fines were isolated by flotation instead of by
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sieving at 100 mesh. Table 3-20 compares the two attrition scrub results. With the second

sample, the Cs-137 reduction factor was slightly better, but the Co-60 reduction factor was much

worse. Ammonium hydroxide attrition scrubbing gave sirnilar results (Table 3-15). As usual,

the amount of fines generated by the second sarnple was much greater than those from the first

sample. Because of the great difference in organic content and size/radioactivity distribution

(-12 mesh and below) between the two samples, little could be concluded as to which was the

more efficient post-attrition scrub tines isolation method (sieving or flotation).

Table 3-20
Comparison of First and Second Sample Attrition Scrubbing with Hydrogen Peroxide

Sample

Decontamination Factor")
(% Contamina it Reduction?) Concentration Factor") Weight

Fraction
FinesmCs-137 Co-60 Cs-137 Co-60

First(5) 1.63 (38.7) 2.68 (62.7) 5.11 5.03 0.0875

Second(6) 1.83 (45.2) 1.58 (36.5) 1.63 1.44 0.447

I)

2)

3)

(4)

(3)

(6)

Feed concentration divided by product concentration
Fines concentration divided by feed concentration
(Feed concentration - product concentration) x 100

feed concentration
Weight of tines divided by weight of feed
Used 30% hydrogen peroxide -- fines removed by sieving at 100 mesh
Used 15% hydrogen peroxide -- tines removed by tlotation

The tails from the post-attrition scrub flotation tails were split into two portions for

separate final treatments. One treatment used p1-1 1.5 sulfuric acid solution in a stir wash contact

(see Fig. 3-20). This acid concentration was the same as that used in the test FSW-1 and S2-1

thiourea stir washes. The two thiourea stir washes and the sulfuric acid stir wash are compared

in Table 3-21. Better sediment contamination removal was obtained with sulfuric acid alone than

with thiourea plus sulfuric acid.

The other post-attrition scrub flotation tails split was attrition scrubbed with a proprietary

halide solution described in Section 3.2.4. Figure 3-20 illustrates the conditions and analytical

results. Activated charcoal was added for the same reason described above for the thiourea stir

wash. Table 3-22 lists the halide attrition scrub results.
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Table 3-21
Comparison of Thiourea plus Sulfuric Acid and Sulfuric Acid Only Stir Washes

Test
No.

Stir Wash
Conditions

Decontamination Factor('
(% Contaminant Reduction)t"

Cs-137al

Product
Goal Cs-137

Fines,
Weight

Fractime

Cs-137 Co-60

S2-2 pH1.51-13SO4, 40°C, 2.45 2.27 44.8 0.186
3 hours (59.2) (55.9)

S2-1 3% thiourea, H2SQ, 1.16 1.25 55 0.109°
to pH 1.5, 30 g/1 (13.5) (20.1)

200 mesh activated
charcoal, 40°C, 3
hours

FSW-1 3% thiourea, H,SO4 1.24 4.87 1.61 0.017
to pH 1.5, 40°C,
90 minutes

(19.4) (79.5)

I)

2)

3)

(4)

(5)

Feed concentration divided by product sieve fraction (+ 140 or +100 mesh) concentration
Produce sieve fraction Cs-137 concentration divided by goal Cs-137 concentration of 690 pCi/g
(Feed concentration - product concentration) x 100

feed concentration
Smaller sieve fraction (-140 or -100 mesh) weight divided by stir wash feed weight
Includes added activated charcoal

Table 3-22
Second Sample Attrition Scrub with Halide Solution

Test Test Conditions

Decontamination Factorw
(% Contaminant Reduction)° Fines,

Weight
Fraction°Cs-137 Co-60

S2-2 0.9 v/o halide plus 30 g/I 200
mesh activated charcoal. Attrition

scrub at 750 RPM. Run 5
minutes, add halide to eH >750
mv. Repeat for run time of 15
minutes. Sieve at 100 mesh.

2.86 (65.0) 3.08 (67.5) 0.243("

I)

(3)

(4)

Feed concentration divided by +100 mesh product concentration
(Feed concentration - product concentration) x 100

feed concentration
Weight of -100 mesh fraction divided by weight of feed
Includes the added activated charcoal
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The halide attrition scrub yielded better contaminant reduction factors than the sulfuric

acid stir wash, but a higher weight fraction of fines requiring disposal.

Table 3-23 summarizes the overall test S2-2 treatment results of the -4 mesh fraction.

As with test S2-1, the quantity of fmes produced is excessive, and the treated portion has a Cs-

137 concentration well in excess of the goal concentration.

Table 3-23
Test S2-2 Overall Results

Final Treatment
Method

Overall Decontamination Factorwa)
(% Contaminant Reduction)")

Weight Fraction
Fines(4)Cs-137 Co-60

H2SO4 Stir Wash 8.08 (87.6) 5.81 (82.8) 0.767

Halide Attrition Scrub 9.43 (89.4) 7.85 (87.3) 0.783

(4)

Flotation feed concentration divided by product concentration

To achieve the goal residual Cs-137 concentration of 690 pCi/g, an overall Cs-137 DF of 148 would be needed
(Feed concentration -product concentration) x 100

feed concentration
Prorated fractional fines produced divided by tlotation Feed weight

Table 3-24 contains a comparison of the four final treatments used in the two integrated

tests with the second WWP sediment sample. Significantly higher contaminant reduction factors

were attained with the 5 M nitric acid stir wash than with any of the other tinal treatments. This

result agrees with the findings from the final treatment with the first sediment sample (Section

3.2). However, none of second sample final treatments yielded products with residual Cs-137

concentrations at or below the goal concentration.
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Table 3-24
Second Sample Final Treatments

Final Treatment
Method

Decontamination Factor")
(% Contaminant Reduction)(2)

Fines,
Weight FractioeCs-137 Co-60

Test S2-1°)

5 M HNO, Stir Wash 9.40 (89.4) 54.4 (98.2) 0.136

3% Thiourea Stir Wash 1.16 (13.5) 1.25 (20.1) 0.1090)

Test S2-20)

pH 1.5 H2SO4 Stir Wash 2.45 (59.2) 2.27 (55.9) 0.186

Halide Attrition Scrub 2.86 (65.0) 3.08 (67.5) 0.2430)

(3)

(9)

(3)

Concentration in feed to final treatment divided by product concentration
(Feed concentration - nroduct concentration) x 100

feed concentration
Weight of fines divided by weight of feed to final treatment
Cs-137 decontamination factor needed to achieve the product goal concentration of 690 pCi/g is 64 for test S2-1

and 45 for test S2-2
Includes weight of activated charcoal added with reagent

3.3.4 Special Tests

After tests S2-1 and S2-2, the reserve split from the second sample (Figure 3-15) was dry

screened into +1 inch, V2 inch, +3/8 inch, +4 mesh, and -4 mesh fractions. These fractions

were heated in a 400°C furnace for approximately 65 hours. Table 3-25 lists the measured

weight losses of the various fractions resulting from burning and pyrolysis of the sediments.

Following the furnace treatment, the +1 inch through +4 mesh fractions no longer had the

partial coating of scum observed on the corresponding fractions after the chemical wash

treatments of tests S2-1 and S2-2. However, some dark, finely divided material was present.

The surface layer of the -4 mesh fraction was light in color, but dark material was noted

underneath, suggesting incomplete combustion of the organic material. Further testing could

include evaluation of means to improve organic oxidation. Additional testing was outside the

scope of this test program.
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Table 3-25
Second Sarnple Special Tests — Furnace Treatrnent Weight Loss

Fraction

Weights, g Percent
Weight Loss

Initial Final Loss")

+1 inch 598.1 593.5 5.0 0.84

+1/2 inch 532.2 527.3 4.9 0.92

+ 3/8 inch 143.8 142.6 1.2 0.83

+4 mesh 208.1 205.1 3.0 1.44

-4 mesh 1230.6 1011.7 218.9(2) 17.79

2712.8 2479.8 233.0 8.59

At 400°C over a weekend

Organic material combustion not complete

Two aliquots of the heat treated -4 mesh fraction were stir washed. Table 3-26 lists the

conditions and results. The stir wash slurries were filtered only with no prior sieving to remove

fines. The listed contaminant reduction factors are due solely to solubilization of the Cs-137 and

Co-60. The acetic acid-hydrogen peroxide mixture dissolved only a small fraction of the Cs-137

and Co-60, but the nitric acid dissolved an appreciable fraction. In appearance, the acetic acid-

hydrogen peroxide filtrate was wine colored and the nitric acid filtrate black. These colors

indicated incomplete oxidation of the organic material.

In the special test, a higher percentage of the Cs-137 was dissolved by the nitric acid than

in test S2-1, but a smaller percentage than in the nitric acid stir washes with sample 1 sediments.

This suggests more complete dissolution occurs in sediments with low organic content. Further

testing would be needed if this relationship is to be clarified.
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Table 3-26
Second Sample Special Test -- Stir Washing

Decontamination Factor"'
(% Contaminant Reduction)m

Sfir Wash Conditions Weight Loss, percent(3)
Cs-137 Co-60

5M HNO, + 0.025M HP' 2.26 (55.7) 3.25 (69.2) 12.5

3M acetic acid (initial) + 1.01 (0.8) 1.37 (27.1) 4.7

H202(4)(5), Room temperature, 2
hours, pulp density 40% initial,
25% final

(2)

(3)

(4)

(5)

Feed concentration divided by product concentration

(Feed concentration - product concentration) x 100

feed concentration

Feed-product weight difference divided by feed weight

Also contained 0.1g Cs (as CsNO3) and 0.Ig Co (as Co(NO3)2) per 100g of feed

15% H2O, added incrementally over 2 hour period
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4.0 IMPLICATIONS FOR FUTURE REMEDIATION EFFORTS

The tests performed by NRT have demonstrated that Warm Waste Pond sediments with

a low organic material content can be satisfactorily rernediated with respect to WWP ROD

requirements by combined physical and chemical means. Treatment options exist which

minimize undesirable secondary wastes commonly associated with low pH, heated acid leaching

of the sediment type which best represents most of the material under consideration for

remediation. Surface sediments, however, not only contain very much higher Cs-137 and Co-60

concentrations, but also high organic material content. Sediments with high concentrations of

organic material, alternate and/or additional processing steps are needed. Although the high

organic surface sediments represent a small fraction (perhaps 10%) of the total WWP sediments

to be remediated, it contains perhaps half of the Cs-137 and Co-60. Effective WWP remediation

requires that appropriate means of processing the high organic, high contaminant sediments be

addressed. A practical approach is to add a pretreatment operation for the high organic content

sediments that would destroy the organic material, yielding a low organic material compatible

with the processes for the bulk of the sediments (low organic subsurface sediments).

A possible method of organic destruction is by wet oxidation. Compared to dry

oxidation, wet oxidation reduces the quantity of gaseous effluents requiring treatment and

quantity of secondary wastes. Wet oxidation methods have been successfully employed on a

production scale for the destruction of chemical agents and hazardous organic wastes for the

U.S. military. A transportable wet oxidation unit has been built. Wet oxidation techniques

developed for the military should be studied for application to high organic content WWP

sediments and promising methods tested in the laboratory.

Vitrification offers an effective means for the fixation of radionuclides contained in nitrate

salts. Additives required for vitrification include silica and carbon, both of which are contained

in WWP sediments high in organic material. The possibility of d sposing of the high organic
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sediments during a nitrate salt vitrification processing rnay merit consideration and if judged

feasible, appropriate testing could be undertaken.

Following the definition of workable treatment processes, pilot scale design, equipment

selection and testing should be addressed.
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